PhD by Sidwell, Robert William
EXPERIMENTAL STUDIES OF LATENT Q FEVER INFECTIONS 
by 
Robert Wi I I jam S i dwe I I 
A thesis submitted to the faculty of the University 
of Utah in partial fulfillment of the requirements 
for the degree of 
Doctor of Philosophy 
Department of Microbiology 
University of Utah 
June, 1963 
'F ';1 D''ft 
l ... -l ~( .~,._~ : ..... 
m~IVEfGITY OF UTAH 
This Thesis for the Ph, D. Degree 
by 
Robert Wi I I i am S i d'lv'e I I 
has been approved 
Apr ii, 1963 
Reader, Supervisory Committee 
Reader, Supervisory Committe 
512392 
The author wishes to express his appreciation to 
Dr. Louis P. Gebhardt, Dr. Douglas W. Hi I I, Dr. Stanley Marcus, 
Dr. Paul S. Nicholes, and Dr. Bil I Wiley for their helpful 
suggestions and criticisms throughout the preparation of this 
thesis. 
The author is indebted to Dr. David B. Lackman and 
Dr. Lauri Luoto of the Rocky Mountain Laboratory for the 
liberal supply of antigens they have provided for use in these 
studies. 
Appreciation is particularly expressed to Miss 
Doris Dickson and Mrs. Glenna Dickson for their assistance 




TABLE OF CONTENTS 
I. Latent Infections 
A. Definitions and History 
B. Q Fever 
C. Bril I-Zinsser Disease 
D. Trench Fever . 
E. Rocky Mountain Spotted Fever. 
F. Psittacosis 
I I • Mechanisms of Resistance to Coxjel la burnetj i 
II I . Transmission of Coxjell a byrnet i i 
· · 
. . 
A. Arthropod Vectors 
B. Ingestion 
· · · · 
C. Aerosol Exposure 





IV. Effects of Irradiation an Rickettsial Infections 
A. Q Fever 
B. Murine Typhus 
· · · · 
C. Epidemic Typhus 
D. Rickettsialpox 
· · · · · 
E. Scrub Typhus . 
· · · 
. 
· · 
V. Steroid Hormones and Rickettsial Infections. 
A. Q Fever 












· . 3 
· 6 
· . 10 
• I I 
• I I 



















D. Boutonneuse Fever . ..... 29 
E. Scrub Typhus . . . .29 
F. Epidemic Typhus. · .30 
G. Murine Typhus. . .. 30 
MATERIALS AND METHODS ... .33 
I. Organisms Employed .33 
II. Experimental Animals · .33 
III, Serological Tests 
· .34 
IV. Tissue Infection Determinations .. . . . .35 
V. X-Irradiation Studies. · .36 
A. Irradiation Method; LD50 Determination .36 
B. Reactivation Study Dosages 
· .37 
VI. Cortisone Studies ... .38 
A. Cortisone Employed 
· .38 
B. Reactivation Study Dosages .38 
RESULTS. . . .39 
I. Determination of an X-Irradiation LD50 in Guinea Pigs, 
White Mice and Deer Mice ..........•.... 39 
I I. Rickettsiae Appearance and Persistence in Intraperit-
oneally Infected Guinea Pigs, White Mice and Deer Mice.39 
I I I. Effects of Whole Body X-Irradiation Upon Latent Cox-
iella burnetii Infection ... 41 
A. Effect Upon Reactivation of Infection. .41 
B. Effect Upon Q Fever Antibody Response 
· .50 
C. Effect Upon the Transmission of Coxjel la burnetii .60 
IV. Effects of Cortisone Injections Upon Latent Coxjel la 
burnetii Infection .................. 61 
A. Effect Upon Reactivation of Infection .61 
v 
B. Effect Upon Q Fever Antibody Response ....... 68 
C. Effect Upon the Transmission of Coxjel la burnetii .78 
v. Effect of Parturition Upon Latent Coxjel la burnetii 
Infection 
· .78 
V I. Secondary Antibody Response. .82 
DISCUSSION 
· .91 
SUMIMRY . . 
· l05 
REFERENCES • • • 108 
vi 
FIGURES 
I. Coxjel la burnetjj in Machiavel 10 stained tissue smears .... 49 
2. Q fever antibody response in guinea pigs fol lowing whole-
body x-irradiation 90 days after infection .......... 57 
3. Q fever antibody response in white mice fol lowing whole-
body x-irradiation 90 days after 'infection. . . . . .. 58 
4. Q fever antibody response in deer mice fol lowing whole-
body x-irradiation 90 days after infection. . . . . . . 59 
5. Q fever antibody response in guinea pigs fol lowing cortisone 
injections 90 days after initial infection .......... 75 
6. Q fever antibody response in white mice fol lowing cortisone 
injections 90 qays after initial infection .......... 76 
7. Q fever ant i body response in deer mi ce fo I I'owi ng cort i sone 
injections 90 days after initial infection .......... 77 
8. Q fever antibody response in guinea pigs fol lowing a second 
injection of Coxiella burnetii 90 days after initial 
in f ec t ion . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
vi i 
TABLES 
I. Determination of x-irradiation LD50's ..........•.. 40 
2. Persistence of rickettsiae in guinea pigs, white mice and 
deer mice injected intraperitoneal Iy with 104 guinea pig 
ID50Coxiellaburnetij................ . .42 
3. Presence of Coxiella burnetji in guinea pigs receiving low, 
high or no whole body x-irrad;iation 90 days after injection .. 44 
4. Presence of C9xjella byrnet i i in white mice receiving low, 
high or no whole body x-irradiation 90 days after injection .. 45 
5. Presence of Coxjel la ~urnetii in deer mice receiving low, 
high or na whole body x-irradiation 90 days after injection .. 46 
6. Q fever antibody titers in guinea'pigs subjected to high, 
low or no whole body x-irradiation 90 days after intraperit-
oneal injection with Coxiella byrnetii • . . . • . .51 
7. Q fever antibody titers in white mice subjected to high, 
low or no whole body x-irradiation 90 days after intraperit-
oneal injection with ~iella byrnet; i . . . . . . . .. .53 
8. Q fever an t i body titers ir~ dser mice subj ected to high, 
low or no whole body x-irradiation 90 days after intraperit-
onea I i nj ect i on wi th Cox i e I I a burnet i i . . . . . . . . . . . .55 
9. Q fever antibody response in normal control animals placed 
in cages with control and x-irradiated animals injected with 
Coxiella burnetjj 90 days earlier. . . . . • . . . . .62 
10. Presence of Coxjel la burnetii in guinea pigs fol lowing 
injections with low or high dosages of cortisone or in controls 
90 days after infection . . . . . ........... 64 
II. Presence of Coxiella burnetii in white mice following 
injections with low or high dosages pf cortisone or in controls 
90 days after infection . . . . . ......... 65 
12. Presence of Coxjel la byrnetii in deer mice fol lowing 
injections with low or high dosages of cortisone or in controls 
90 days after infection . . . . . . . • . . . . .66 
13. Q fever antibody titers in guinea pigs fol lowing injections 
with low or high doses of cortisone or in controls 90 days 
after intraperitoneal injection with Coxiella. byrneti i .... 69 
vi i i 
14. Q fever antibody titers in white mice following injections 
with low or high doses of cortisone or in controls 90 days 
after intraperitoneal injection with Coxjel la burnetii •... 71 
15. Q fever antibody titers in deer mice fol lowing injections 
with low or high doses of cortisone or in controls 90 days 
after intraperitoneal injection with C9xi~1 10 burnetii •... 73 
16. Q fever antibody response in normal control animals placed 
in cages with control and cortisone injected animals infected 
with Coxjel 10 burnetii 90 days earl ier ....•......• 79 
17. Effect of parturition upon reactivation of Coxjel la byrnetjj 
infection in guinea pigs ..........•....•... 81 
18. Effect of patturition upon reactivation of Coxiella burnetii 
infection in white mice . . . . . .. . ...•..••. 83 
19. Q fever antibody titers in guinea p·igs injected intraperiton-
eal Iy with Coxjel Ip burnetji 90 days after initial infection .86 
20. Q fever antibody titers in guinea pigs injected subcutaneous-
ly with Coxjel Ip byrnetii 90 days after initial infection .•• 87 
21. Q fever antibody titers in guinea pigs injected intravenously 
with Coxiella burnetii 90 days after initial infection .... 88 
22. Q fever antibody titers in guinea pigs r.eceiving no second 
injection of Coxiella burneti i (controls) ......•.... 89 
ix 
EXPERIMENTAL STUDIES OF LATENT Q FEVER INFECTIONS 
INTRODUCTION 
The abil ity of some pathogens to induce latent infections in 
susceptible hosts has been recognized as an epidemiological problem since 
early in the Nineteenth century, especially when the reactivation of 
such infections was instrumental in the spread of the manifested dis-
eases through various populations (Ford, 1939; Dubos, 1958). Coxjella 
burnetii, the causal agent of the rickettsial disease Q fever is among 
the known pathogens which exhibit this latent infection capabil ity (Stoker, 
1957). The organism has been shown to persist in animal tissue for long 
periods of time after experimental infection (Sidwel I, 1961), and its 
persistence has been determined by repe~ted isolation of the rickettsiae 
from tissue of certain wild animal species in nature (Sidwel I, 1962). 
Because of this latency property, many animals may be regarded as potential 
carriers of ~. burnetii. 
The mechanism of activation of latent or dormant infections is 
sti I 1 unclear, although it is known that certain changes in a host's 
physiological condition can cause such e reactivation to occur (Andrewes, 
1958). Among the factors which may accompl ish thIs alteration of host 
condition are irradiation, administration of certain hormones, and preg-
nancy. 
The objectives of the present investigation were (I) to further 
study the persistence of ~. burnetii in wild and laboratory animal tissues; 
(2) to attempt to correlate persistence of rickettsiae in such latently 
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infected animals with contamination of the surrounding environment; (3) 
to investigate the effects of whole body x-irradiation, cortisone injections, 
and pregnancy and/or parturition with respect to the abil ity 'of each to 
reactivate latent ~. burnetji infections; (4) to show a relationship 
between appl ication of stress and spread of infection from Q fever in-
fected animals to uninfected cage mates and (5) to study the Q fever 
antibody response in infected animals subjected to x-irradiation, corti-
sone, pregnancy, or a second infection with ~. burnetij. 
Deer mice, common rodents native to the Great Salt Lake Desert 
of Utah, guinea pigs and white mice were employed in these investigations. 
The antibody responses were studied by means of Phase I and I I comple-
ment fixation (CF) and Phase I capi I lary tube agglutination (CTA) tests. 
LITERATURE REVI8W 
The experimental work which is presented in this study is 
essentially an extension of preparatory work reported earl ier (Sidwel I, 
1961). In the previous study much of the pertinent I iterature was 
reviewed concerning Q fever, including history, natural and experimental 
infection in wild animals, antibody ~esponse, rickettsiae in animal 
tissues, rickettsial strains, and diagnostic tests. Therefore, this 
review wil I present information directly pertaining to the present study, 
namely, latent infections, mode of transmission of ~. burnetii and 
results of work by others employing x-irradiation and cortisone to 
modify rickettsial infections. In addition, since the nature of the 
study directly involves mechanisms of resistance, this subject wil I also 
be discussed as pertaining to Q fever. 
I. LATENT I NFECT IONS 
A. Definitions and History 
A latent infection is defined here as an inapparent infection 
which may be chronic, and in which a certain agent-host equi I ibrium 
is establ ished. The term "latency" was agreed upon for viruses at a 
symposium on latency and masking in viral and rickettsial infections 
(Walker et al., 1958) and as defined above it wi I I be employed in this 
study for the disease Q fever. "Reactivation" of a latent infection is 
used to mean any alteration in the persistence of the pathogen in tissue 
in such a way that other tissue or tissues of the host animal subse-
quently become infected. In this manner the disease agent may become 
infectious for another host. 
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The fact that a pathogen can be latent, or dormant, showing 
no apparent manifestations of its presence, has long been known. Pro-
bably one of the earl iest recognitions of such infections occurred in 
Ireland in the 1840's. A potato bl ight was noted only during unusual 
weather and growth conditions, although the causal fungus, PhytQphotora 
jnfestans, was normally carried by most potato plants at al I times 
(Dubos, 1958). In the early 1890's Koch showed by isolating Cholera 
vibrio from feces that healthy human beings could playa role in the 
transmission of cholera (Ford, 1939). Pasteur showed that fowl cholera 
bacil I i were harbored in experimentally infected guinea pigs for long 
periods of time in local ized abscesses, although the health of the 
animals was apparently not seriously impaired (Ford, 1939). Prior to 
the reports by Koch and Pastuer, several bacteriologists had observed 
that virulent organisms persisted in the body after recovery from cl in-
ical attacks of a disease (Roux and Yersin, 1890; Loeffler, 1890; Gut-
mann, 1892), but the significance of these observations relative to 
t he spread of d'i seases was over looked (St an i er, eta I ., 1957). The 
discoveries of Koch and Pasteur thus started a reinvestigation of 
carriers of latent organisms. 
Koch (1903) first made the distinction between "temporary 
carriers", convalescents who discharged organisms in fecal material or 
urine for short periods only, and "chronic carriers" who had com-
pletely recovered from disease and yet harbored the causal organisms 
in some part of the gastrointestinal or urinary tract and excreted 
them in feces or urine. His conclusions were based on work with typ-
hoid fever. Koch's term "chronic carrier l1 wit I be considered analogous 
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to the "carrier of latent organisms tl used in the present study. Other 
early work showing latent infections included investigations on dysen-
tery (Conradi, 1903), paratyphoid fever (Prigge and Sachs-Muke, 1910), 
plague (Gaffky, 1908) and epidemic cerebrospinal meningitis (Kutscher, 
1906). Typhoid fever, first studied in this respect by Koch, has been 
quite extensively investigated, the later results in most cases merely 
confirming the original findings (Gregg, 1908; Irwin and Houston, 1909; 
Garbat, 1922). The subject of typhoid fever and typhoid and other 
carriers was first extensively reviewed by Ford (1939). 
Although studies of latency and carrier state were initiated 
relatively early in the modern history of bacteriology, more evidences 
of the extensiveness of this phenomena have been gathered only in the 
past two decades. The main conclusion of these investigations show 
unequivocally that pathogenic agents to which a population is susceptible 
frequently become establ ished in the tissues of a large percentage of 
persons, yet few or no signs of the actual cl inical disease may be 
detected (Dubos, 1959). 
Most of the progress in the field of latent infections has 
developed from studies of viral and rickettsial infections. Examples 
of the former are t he severa I types of adenov j ruses found ",n .~ he tons i Is 
and adenoids of healthy persons (Rowe et al., 1953), the many plant vir-
uses which can be isolated from healthy plants (Bawden, 1958), herpes 
simplex virus infection in man, which often is periodically activated 
(Buddingh et al., 1953), and the tumor viruses such as Rous sarcoma 
virus (Bryan, 1958). 
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Since this study is concerned with Q fever, a rickettsial 
disease, it wil I be this type of disease that wi I I be the principal 
area of review. Several major rickettsial diseases have been reported 
as capable of becoming latent and reoccurring at a later period of time. 
These are Q fever, Bri I I-Zinsser disease, trench fever, Rocky Mountain 
spotted fever and psittacosis. (The classification of the psittacosis 
agent as rickettsiae is arbitrary and wil I be discussed further in Part 
F of this section.) 
B. Q Fever 
Marmion et al. (1954) reviewed the subject of Q fever infect-
ions in human beings, emphasizing the concept of latent Q fever 
infections. Q fever was first observed to be a latent infection when 
relapses occurred fol lowing apparent recovery in human patients (Beck 
et al., 1949; Andrews and Marmion, 1959; Robson and Shimin, 1959; Bertrand 
and Roux, 1955). Coxjel 18 burnetji was isolated from the blood of several 
patients showing a relapse of the disease or, in one instance, at auto-
psy from the valves of the heart of an endocarditis patient (Smith and 
Evans, 1960). Syrucek et al. (1958) reported the isolation of infectious 
quantities of the rickettsiae from the placenta of three women who were 
in labor and from uterine curettments from another in whom pregnancy 
had been interrupted because of rubeola. AI I the women had past his-
tories of Q fever infection, the period between infection and del ivery 
ranging from 2 years and 8 months to 3 years and 2 months. In al I 
cases del ivery resulted in the birth of a healthy infant and the post 
partum period was also free of compl ications. Earl ier results of this 
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same nature were reported by Babudieri (1953) who isolated ~. burnetii 
from a human placenta. The fact that rickettsiae were recovered from 
the ebove sources indicates a possible method of contamination of the 
surroundings. Q fever infections in newborn infants have also been re-
ported (Gaburro and De 1 Campo, 1956) in wh i ch one ch i I d of '~r i pi ets died 
of the disease. Sera from the two surv'i'ving infants had positive CF 
titers against ~. burnetii. Both parents were also seropositive, 
indicating a possible passage of organism from parent to offspring. 
Stoker (1957) discussed the problem of latent infections with 
viruses and rickettsiae, particularly stressing the fact that among the 
rickettsiee a~. burnetji infection is notorious for its abil ity to be 
reectiveted after long periods of dormancy. This reactivation of the 
infection hes been observed especially in cattle, sheep, and goats during 
parturition (Ki Ichsperger and weisman, 1949; Luoto and Huebner, 1950; 
Welsh et al., 1951; Abinanti et al., 1953~Stoker et al., 1955). The 
observed reactivetion of the infection among I ivestock was the apparent 
ceuse of spread of the rickettsiae resulting in many human cases of the 
diseese. 
~. burnetji has also shown latency characteristics in experi-
mentally infected domestic fowl (Gal Ius gal Ius domestjcys) (Sobeslavsky, 
1957). In this experiment hens were infected subcutaneously, intraperi-
toneal Iy, or intranasally. Although no signs of illness were observed 
in most of the fowl, organisms were excreted in the feces between the 
14th and 42nd day after infection. Attempts to reactivate infection 
in some of these birds by injections of cortisone were unsuccessful. 
Eggs laid by the hens 19 and 42 days after infection were shown to contain 
~. burnet;i and rickettsiae could be demonstrated from animals hatched 
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from some of the eggs between 2 and 55 days after hatching (Sobeslavsky 
and Syrucek, 1959). A transovarial transmission by this species of bird 
was thus establ ished. 
The nature of latent infections with the Q fever rickettsiae 
has recently been investigated. Kordova (1960) inoculated guinea pigs, 
hamsters, mice and chicks intraperitoneal Iy with filtrates of suspensions 
of ~. burnetii passed through membranes of 58 and 40 mu mean porosity. 
Most animals showed no cl inical, serological or microscopic signs of 
infection. However, serial passage of tissue homogenates from these 
fi 'trate-injected animals through 2-week-old guinea pigs or embryonated 
eggs revealed infectious quantities of the organism. The author consid-
ered that these results pointed to the passage of specific genetic 
material of ~. burnetii through the filters, this material being capable 
of persisting in a latent form in apparently healthy animals. Under 
suitable conditions it could then develop into typical "mature" riCkettsiae. 
He assumed that the filtrable particles represented an intracellular 
stage of the developmental cycle of 'the organism, a stage which may 
correspond to the vegetative genome postulated by Lwoff (1958) as occur-
ring in latent viral infect ions. Earl ier studies by Kordova (1959:a, 1959b) 
showed that the filterable particles of ~. burnetji were too sma I I to 
be visible in the ordinary I ight microscope. 
Phase variations of the Q fever rickettsiae (Stoker, 1953; 
Stoker and Fiset, 1956; Fiset, 1957) may playa role in determining the 
nature of latent infections. This variation is a change in the anti-
genic structure of the organism after passage through eggs. Egg-adapted 
9 
~. byrnetii is considered to be in Phase I I while animal-adapted rickettsiae 
~re in Phase I. The agent, in Phase I when recovered from mammals, was des-
cribed as being more virulent than the Phase I I form (Brezina, 1958). Phase 
I ~ntibody has been shown to be more protective than Phase I I antibody 
(Abinenti and Mermion, 1957). Fiset (1957) suggested that both types of 
antibody are produced by the animal, but one is ineffective, due to a 
polysaccheride on the surface of the Phase I rickettsia which prevents 
the meln protein entigen of the organism from combining with its antibody. 
Phese I I orgenisms inoculeted into femele ticks were demonstrated to be 
trensferred transoverially to the tick larvee. When reisolated from the 
lervee the rickettsiee were found to be in the Phase I form. The reisoleted 
orgenisms, in contrest to their activity in memmels, multipl ied poorly in 
yolk sees end hed e low virulence for guinea pigs (Brezine and Rehacek, 
1961). An explanetion of this low virulence in Phase I form may be that 
the orgenisms of low virulence were mutants selected by the passages 
through the ticks. 
It is possible that the organism exists in the animal body 
in e stete of low virulence or in a suppressed state, able to infect and 
perheps destroy e smel I group of cel Is locally, but unable to establ ish 
or re-establ ish a general or widespread infection. This abil ity to ini-
tiete e general infection may be blocked by specific immunity of the host, 
es indicated by the presence of antibody, or by genetic or species resis-
tance to the infection. However, as speculated by Kordova (1960), the 
orgenism mey not heve the abil ity to initiete or establ ish a general 
infection beceuse it is in an Uimmature" stage of development when latent, 
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requiring an especially' susceptible cell to be activated into a mature, 
virulent form. From the experimental work cited, the observed latency 
property may be due to suppressive action of the host on the infection, 
or may be an alteration in the development of the Q fever rickettsiae. 
c. Bril I-Zjnsser Disease 
Bril I-Zinsser disease, often cal led recrudescent typhus, is a 
relapse of epidemic louse-borne typhus fever in relatively mild form 
years after the primary attack. The causal agent is Rickettsia prowazeki. 
The disease was first noted by Bril I (1910) when it occlJrred sporadi-
'cally in persons in New York City and in other areas. The causal 
rickettsiae were shown by cross immunity studies to be the same as that 
caus i ng ep i demic' typhus (Anderson and Go I dberger, 1912). 
The disease was later shown to take place chiefly among refugees 
to this country and case records of many indicated it to be a recrudescence 
of an ep i dem'i c typhus infect ion wh i ch had occurred years ear I i er (Zi nsser , 
1934). Zinsser postulated that the typhus rickettsiae persisted during 
the latent interval somewhere in the tissues of the human SUbject. This 
postUlate was cO"n'fh''TM~'d in part by Price (1955), when he isolated 
virulent a. prQw,zekj from the lymph nodes of two supposedly healthy 
persons who had been in an environment believed to be free of epidemic 
typhus prior to recovery of their organisms. Both subjects had antibody 
of low titer in their sera, possibly indicating a previous typhus infection. 
Price (1955) was also able to activate a latent epidemic typhus infection 
in cynomolgus monkeys by cortisone injection. The factors which preoipi-
tate Bril I-Zinsser disease are not known, although it is postulated that 
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the balance between the immune mechanism and the parasite is in some 
manner disturbed, resulting in a recrudescence(Snyder, 1959). 
A significant point concerning Bri II-Zinsser disease is that 
following recrudescence of the disease, human body I ice become infected 
from the human patient (Murray et al., 1950; Murray and Snyder, 1951) 
thus resulting in a new epidemic of typhus fever. This has apparently 
occurred in Yugoslavia (Murray and Gaon, 1958). 
D. Trencb Fever 
Trench fever, caused by Rickettsia Quintana, was unknown until 
1915, but during World War I:'it afflicted a great number of men. Among 
the symptoms was an attack of fever, which in about half the infected 
persons reoccurred from 3 to 8 times (Swift, 1919-20). Some patients 
apparently had a latent infection, with I ice biting them and becoming 
infected as long as 300 to 443 days after onset of the illness (Strong 
et al., 1918). The causal rickettsiae have been isolated from persons 
having a history of the disease as long as I and 2 years after initial 
illness (Weyer, 1954; Mohr, 1954). However, in these cases the possi-
bil ity of reinfection was not excluded. 
E. Rocky Mountain Spotted Fever 
Rocky Mountain spotted fever is a tick-borne disease of the 
Americas, caused by Rickettsj; rjckettsii. This disease agent can be 
classified with those causing latent infections primarily due to its 
longevity in ticks and its alteration into a virulent organism by 
blood mea I s or i ncubat i on wi th i n the gut of ticks (Spencer and Parker, 
1923; Price, 1953b, 1954). The organism has also been reported to 
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to p~rsist in certain mammal ian tissue for as long as a year (Parker 
et al., 1954), although no reactivation of infection was demonstrated. 
F. Psittacosis 
The pSittacosis agent has been considered a rickettsia by many 
authorities (Moshkovsky, 1945; Phil ip et al., 1953; Breed et al., 1957; 
Giroud et al., 1955). Because of this, the organism wil I be discussed 
with the rickettsiae. Latent psittacosis infections first came to the 
attention of investigators when supposedly healthy birds died of the 
disease when subjected to various types of stress while undergoing ship-
ping. The birds apparently acquired the infection as nestl ings (Meyer 
and Eddie, 1933; 1934; Meyer, 1942). The agent has been reported to 
persist for at least 7 months in mice (Meyer and Eddie, 1933; Bedson, 
1938). The principle organs in which the latent infections occurred 
in these animals were spleen, I iver and kidney (Meyer and Eddie, 1933). 
Chick embryos experimentally infected 0 to 18 days after incubation 
stil I carried the agent when hatched into chicks and the agent per-
sited up to 22 days in these chicks (Davis and Vogel, 1949). Meyer 
(1942) was able to isolate the agent from the ovaries and egg yolks in 
the oviducts of parakeets and suggested that infection may be trans-
mitted from latently infected adults transovarily through the egg. 
This abi I ity of the psittacosis agent to pass from the parent to the 
developing embryo was also demonstrated by Storz (1961) in guinea pigs. 
The young guinea pigs that contracted the infection In ytero were ob-
served for 4 weeks. They were apparently unaffected by the infection 
and developed normally. 
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Seemingly uninfected sheep have been found to excrete the 
psittacosis agent in their feces for long periods of time. Upon preg-
nancy the disease becomes acute, often causing abortion (Dungworth and 
Cordy, 1962; Storz, 1962). 
Latent psittacosis infections in man were probably first des-
cribed by Gerlach (1936) when the agent was isolated from sputum samples 
of five persons showing no symptoms of the disease. Haagen and Mauer 
(1938) and Doerr (1944) reported similar findings and speculated that 
patients convalescing from cl inical psittacosis may serve as healthy 
carriers and shed the agent for varying lengths of time without a renewed 
exposure to a natural reservoir. Such a carrier was found by Meyer 
and Eddie (1951), who isolated the organism from sputum of a man known 
to have had psittacosis 10 years previously. This man had complained 
of various symptoms continually since the original infection, including 
a hacking cough with copious amounts of sputum. Surprisingly, no persons 
coming in contact with the pataent apparently became infected. 
Austin (1957) employed various types of stress in an attempt 
to reactivate latent psittacosis infections in experimentally infected 
mice. Some of the stressor agents used were epinephrine, insul in, triple 
typhoid vaccine, dinitrophenol, "histamine acid phosphate", hyaluroni-
dase, mucin and cortisone injections. The effects of x-irradiation, 
pregnancy and deficient diets were also investigated. Only daily corti-
sone injections of 5 mg sUbcutaneously for two days or a diet deficient 
in nicotinamide were reported to alter the latent infection. This was 
determined on the basis of deaths occurring in the animals within 10 
days and isolation of the pSittacosis agent from the dead mice. The num-
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ber of organisms in the spleen increased ten-fold in the 10 days after 
cortisone injection. No change could be observed in the CF antibody 
level. 
I I. MECHANISMS OF RESISTANCE TO COXIELLA eURNETI I 
Since the Q fever organism differs markedly from the other, 
more classical rickettsial species, this discussion concerning mechanisms 
of resistance wil I de~1 with th~t organism only. 
One of the primary defense mechanisms, phagocytosis, has been 
demonstr~ted only to a smai 1 extent. Victor et al. (1952) reported that 
the ph~gocytosis of ~. burnetii was governed by al I the usual factors 
affecting in vitro phagocytosis of a bacterium such as Bryce I la ~. 
These factor-s included period of contact between phagocyte and organism, 
temperature, agitation, number of organisms present, type of phagocytes, 
and anticoagul~nt used. In these investigations polymorphonuclear 
neutrophils were employed to demonstrate phagocytosis. The principle 
purpose of the experiments was an attempt to demonstrate a rise of 
opsonin titer in the serum of infected patients and guinea pigs. A posi-
tive opsonic index was clearly demonstrated and opsonin titers rose 
in some animals much higher than complement-fixing antibodies. The 
report f~i led to mention, however, whether the rickettsiae were observed 
to be digested in the neutrophils. This would be important since 
Burnett and Freeman (1937) showed that Q fever rickettsiae prol iferated 
in splenic and renal histiocytes of mice and guinea pigs. Whittick 
(1950) also has reported finding large quantities of the rickettsiae in 
the histiocytes of the lung, spleen, and testes of a human who died of 
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the infection. Rychlo and Pospisil (1960) described lymph node infections 
with ~. burnetij, in which it was observed that large, vacuolated reticul-
oendothelial cel Is containing colonies of the rickettsiae eventually 
burst, I iberating the organisms. 
In cases of fatal Q fever, in which death was due to a diffuse 
pneumonia, histiological examinations have been quite reveal ing in regard 
to phagocytic activity in Q fever infections (Lil I ie et al., 1941; Perrin, 
1949; Whittick, 1950). Although the gross appearance of the consol idated 
lungs closely resembled that seen in pneumonococcal lobar pneumonia, the 
histological aspect closely resembled that seen in pSittacosis and some 
viral pneumonias. The histology varied with the stage of the pneumonic 
process at which the tissue was examined. In areas of red hepatization 
affected alveol i were fil led with a sma I I quantity of polymorphonuclear 
neutrophils and mononuclear cel Is in approximately equal numbers, with 
lesser amounts of lymphocytes and plasma cel Is. In areas of gray hepa-
tization, the inter-alveolar septae were considerable thickened by lympho-
cytes, plasma cel Is, large mononuclear cel Is and neutrophi Is. Alveolar 
exudate consisted largely of swol len mononuclear cel Is, with some neutro-
phils and red cel Is present. 
Specific antibody apparently plays a significant role in 
host resistance to ~. burnetji infection. Fever was reported to be 
suppressed when serum from an immune animal (bandicoot) was mixed with 
the rickettsial suspension prior to inoculation into guinea pigs (Derrick 
et al., 1939). Other investigators (Burnet and Freeman, 1937; 1940; 
Bengston, 1941a) reported finding a fever-suppressing property of immune 
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sera from white mice, guinea pigs and rabbits. Q fever immune sera have 
been shown to diminish the multipl ication of the organisms when mixed 
with the rickettsiae and injected into mice. This was determined by show-
ing a reduction in the number of rickettsiae found in smears of the mouse 
spleen (Burnet and Freeman, 1938b, 1939). 
Agglutinating antibody to ~. burnetji was first demonstrated 
by Burnet and Freeman (1937), and has since been employed as a diagnos-
tic tool by many investigators. Complement··fixing antibody to ~. byrnetii 
was first reported by Bengston (194Ib), and its detection is also now 
being widely used as a serologic test aid in the diagnosis of the disease. 
Phase variation (discussed previously under I-B) apparently 
is important in immune responses of the animal to~. byrnetii. Phase 
antibody is more protective, as determined by measuring the neutral izing 
capacity of the sera obtained from white mice (Abinanti and Marmion, 1957). 
Investigations have been carried out studying the possible correlation 
of Phase I and I I CF Q fever antibody responses to rickettsial persistence 
In tissue of various animal species (Sidwel 1, 1961). It was shown that 
Ord kangaroo rats (Ojpodomys 2CQll), which produced very I ittle detect-
able Phase I Cp. or capi I lary tube agglutination (CTA) antibody, contained 
~. byrnetji in some tissue for nearly one year after initial infection. 
Phase I I CF antibody was detected in comparatively high titers in these 
animals. Conversely, the Q fever rickettsiae also persisted for long 
periods of time in tissue of desert wood rats (Neotoma lepjda), which 
formed relatively high titers of detectable Phase I I and Phase I CF anti-
body but only low or moderate titers of Phase I CTA antibody. This may 
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indicate the more protective activity of Phase I antibody, particularly 
of the agglutinating type. 
Infection of experimental animals or man with ~. burnetii usual-
ly produces an effective immunity against reinfection. This was first 
demonstrated by Derrick (1937) and Burnet and Freeman (1937) in guinea 
pigs and white mice. Subsequent investigators have employed formal in-
kil led organisms in attempts to induce an effective and lasting immunity 
(Smadel et al., 1948j Zubkova et al., 1956a, 1956bj Kulagin et alo, 
1958bj Benenson, 1959). Varying claims have been made by these workers 
as to the efficacy of the vaccines produced. In a series of experiments 
Siegert et al. (1953) tested the immunogenic value of large dO$5 of 
~. burnetj i vaccine prepared from yolk sac cultures which had been 
ki I led by ultraviolet irradiation after purification by ether extraction. 
The CF and agglutination antibody response of guinea pigs inoculated 
with this material varied In relation to the size and number of doses 
administered. According to this publ ication, no worthwhile immunity 
against Q fever infection could be produced. The authors suggested 
that reports of enhanced resistance by other earl ier investigators may 
have resulted from incompletely ki I led rickettsiae contained in the 
preparations. Studies by the author (Sidwel I, 1961) comparing the 
Q fever antibody responses in various wild rodents, as wei I as lab-
oratory animals, correlated wei I with the stUdies of Siegert and 
his group. Phase I and I I CF and CTA antibody were detected only in 
low titers in animals inoculated with ki I led rickettsiae. Animals 
inoculated with I iving organisms produced much higher detectable 
antibody titers. The strain of ~. burnetij employed apparently has 
a great deal to do with the inducement of this antibody response 
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(Fiset, 1959). 
A protective mechanism of some importance in animals is the 
interference phenomenon. CI inical observation from as early as the 16th 
century has shown modifying effects when a second infection has been 
superimposed on the first. An alteration of the second infection, 
or both first and second infections, occurred (Schlesinger, 1959). 
This modification in the course of the diseases in mixed infections 
has been termed the "interference phenomenon". The phenomenon has 
been observed princip~1 Iy in viral-viral infections (Henle, 1950; 
Schlesinger, 1959), viral-bacterial infections (Dal Idorf et al., 1947), 
bacterial-bacterial infections (Nyka, 1955), rickettsial -rickettsial 
infections (Price, 1953~, and other systems. The phenomenon was 
reported in Q fever infections by Mika et al. (1954) and Victor et al. 
(1955). It was found that the course of both brucellosis and Q fever 
was much milder in mixed infections in guinea pigs if the animals were 
infected with Brycel la ~ prior to infection with ~. burnetji. The 
severity of Q fever infections was much milder using both lethal and 
sub-lethal doses of ~. burnetii. This was found when either or both 
agents were given by parenteral or respiratory routes, providing 
the bacterial infection was induced I I days or more prior to the intro-
duction of the rickettsiae. Other work showed that passive immunization 
with single or multiple injections of Brucella antisera failed to 
alter the severity of Q fever infection. Active immunization of the 
test animals against the bacteria prior to secondary infection also 
failed to yield protection (Mika et al _, 1958). But Brucella endotoxin 
when administered II days or more prior to injection of rickettsiae 
gave protection (Mika et al., 1959). 
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CQxjel la burnetij when given prior to the bacteria was found 
to give protection in guinea pigs a~a~nst Pasteurella pestis infection. 
Other rickettsiae also demonstrated this abil ity and to a greater extent 
than the Q fever organism (Owen and Larson, 1956). 
The exact mechanism of the interference phenomenon is not 
known, although some of the observed results indicate some aspects of 
the mechanisms. SpecifiC antibody does not seem to be a factor, since 
serological tests have fai led to show any cross-reacting or simi lar 
antibodies (Mika et al., 1958). Passive immunization using immune sera 
did not modify the imposed infections. Previous immunization appeared 
to have no effect. The immune phagocyte apparently does not play an 
active part, since in the Br. ~~. burnetji infection prior immuni-
zation failed to modify the results. The "activated phagocyte" may 
be impl icated in interference since protection was shown only where 
an active infection was in progress or where a dose of toxin or dead 
cel Is had been previously injected. 
There are undoubtedly numerous host mechanisms of resistance 
to Q fever infection. Although no specific work has been reported, 
it is assumed that the usual factors involved in natural immunity would 
be appl icable to ~. burnetii infections. These factors include the 
skin, buccal and nasal cavities, stomach, intestines, lungs, eyes, 
genital-urinary tract, the inflammatory response and the lymphatic and 
circulatory systems, al I of which involve the numerous cellular and 
humoral factors. It is apparent from the previous experimental work 
cited that ~. byrnetji is able to penetrate and oversome some of these 
natural mechanisms of defense quite readi Iy. Since the disease is 
manifested so frequently as an interstitial pneumonia, it is apparent 
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that the pharyngeal cavity, mucous membranes, the lungs and the 
cellular mechanisms involved in the lungs are inadequate in the 
resistance of the host. The disease often becomes systemic fol lowing 
a rickettsemia, which indicates the lymphatic and cirulatory systems, 
together with the concomitant cellular and humoral factors, are also 
relatively impotent in checking the spread of the organism. Exper-
imental studies have shown, however, that a host's acquired immunity 
to the agent is very effective, as previously discussed. This ac-
quired resistance probably involves both cellular (increased digestive 
capacity of the immune phagocytic cel Is) and humoral (specific 
antibodies) factors, which probably act in unison. 
Genetics has been impl icated as a definite factor in host 
resistance to Q fever infection since susceptibil ity to infection 
with the disease agent varies with animal species (Lennette, 1959; 
5idwel I, 1961; Horsfal I and Ferris, 1962). Other factors such as 
nutrition, fatigue, age, mental state, environment (temperature, 
humidity, etc.) and general social conditions probably also play 
an indirect role in a host's resistance to~. burnet;i, but to date 
experimental evidence is lacking on this aspect. Certain chemicals 
and drugs are khown to depress resistance, usually through d~press­
ion of phagocytosis or other physiological functions, but 
relatively little has been reported concerning resistance to Q fever 
infection. Hormonal affects wil I be discussed in section V of this 
I iterature review. 
I I I. TRANSMI 5S I ON OF COX I ELLA BURNET I I 
A major difference between Q fever and the other rickettsial 
diseases stems from their routes of transmission. Instead of being 
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transmitted ordinarily by the bite of an infected arthropod, ~. byrnetii 
usually infects man by the respiratory route through inhalation of 
rickettsiae-laden aerosols. Lower animals probably also become infect-
ed in this manner, although other methods of transmission of the 
disease agent are known, and wil I be discussed subsequently. 
A. Arthropod Vectors 
Since one of the original isolations of ~. byrnet; i was 
from a tick (Davis and Cox, 1938), this form of vector has been quite 
extensively investigated. Although at least 33 species of ticks 
have been found naturally infected with the rickettsiae (Sidv"el I, 
1962) the acquisition of Q fever in this way is apparently very rare. 
Only a few case reports can be cited in which infection was related 
to tick bites (McGurl and Wil Iiams, 1948; De Prada et al., 1950; 
Babudieri, 1951; Derrick, 1953). Other arthropods have also been 
implicated because of the recovery of the disease agent from them 
in nature or as a result of demonstrating their abil ity to transmit 
the organism. These arthropods include I ice, mites, fleas (Sidwel I, 
1962; Horsfal I and Ferris, 1962) and possibly bedbugs (Daiter, 1960). 
Although few human cases have been reported impl icating arthropod 
vectors, they should not be ruled out as a means of transmission of 
.Q.. burnet iii n nature. 
B. I n"est ion 
Milk has been impl icated as a mode of transmission of 
.Q.. byrnetii. Of 300 cases in the Los Angeles area, one-third of 
thoseinfected used raw milk, although less than 5 per cent of the 
total mi Ik distributed in the area was unpastuerized (Beck et al., 
1949). Q fever infections were ten times as frequent among raw 
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mi Ik drinkers in populations not exposed to I ivestock (Bel I et al., 
1950). Huebner et al. (1948, 1949-) isolated~. burnetii from raw 
milk samples of more than half of the dairies in the Los Angeles 
area. In contrast to the above impl ication, man has been shown to 
be only moderately susceptible to Q fever infection by the gastro-
intestinal route (Fonseca et al., 1949), thus the role of milk in 
transmission of the disease to man may be minor. There have been 
many reports, also, of pasturized milk drinkers who were infected 
(Lennette and Clark, 1951; Clark et al., 1951a, 195Ib). It would 
appear "that infective mi Ik could serve as an excel lent means of in-
fecting suckling offspring. 
Infection may also occur from ingestion of other food or 
water contaminated with ~. burnet; i. Many animal tissues have been 
reported to contain ~. burnetii, the rickettsiae persisting for per-
iods greater than one year (Burnet and Freeman, 1938b; Davis and Cox, 
1938; Lennette et al., 1952; Sidwel I, 1961). Sil ich (1957) demon-
strated that meat can remain infective for as long as 150 days when 
frozen. The rickettsial agent also wil I survive in ordinary tap water 
for over 150 days (Kulagin et al., 1958at 
C. Aerosol Exposure 
The means of transmission described thus far can be impl i-
cated only to a sma I I extent so far as is known from available I iter-
ature. The primary mode of transmission for Q fever, as previously 
pointed out, is by aerosol exposure. Coxjel la burnet; i is noted for 
its abil ity to survive when subjected to adverse conditions. Thus 
temperatures as high as 60°C wil I not readi Iy inactivate the rickettsiae 
(Ransom and Huebner, 1951; Kirberger, 1951) nor wi I I ultraviolet 
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irradiation (Kirberger, 1951) or desiccation (Smadel, 1952). Tick feces 
may retain infective ~. byrneti; for 586 days at room temperature (Phi lip, 
1948) and dried guinea pig blood containing the organism remains infect-
ious at least 182 days (Parker et al., 1949). The rickettsiae were reported 
to survive at least 109 days in cel I-free media held at 28°C (Cox, 1939) 
and in tap water as discussed in I I I-B. Because of this resistan~e pro-
perty~. byrnetii may survive on contaminated objects for extensive per-
iods of time and be transported over long distances or by indirect paths 
to susceptible hosts. 
Dust may consequently play an important role in the spread of 
Q fever. A number of reports have been publ ished in which ~. byrnetii 
was isolated from dust taken from I ivestock pens (Delay et al., 1950; 
lennette and Welsh, 1951; Vuksic et al., 1956; Welsh et al., 1958, 1959). 
Dust has been impl icated in a number of outbreaks of the disease (Robbins 
et al., 1946; Clark et al., 1951b; Giroud et al., 1953). Materials such 
as hair, wool, hides, etc., or clothing may also become contaminated and 
result in a spread of the disease agent (01 iphant et al., 1949; Sigel 
et al., 1950; Stoker and Marmion, 1955). 
The methods by which the above stated materials or objects may 
become contaminated are diverse. It has already been pointed out that 
milk may contain ~. burnettj, and that placentas and birth fluids may be 
highly infectious after parturition in I ivestock and possibly other animals. 
Oral and nasal secretions and urine and feces from sheep were shown to 
contain infectious quantities of the rickettsiae (Morozzi, 1951; lennette 
et al., 1952; Abinanti. et al., 1953b). Similar results were also observed 
in stUdies with nasal mucous and feces from cattle (Bel I et al., 1949). 
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Urine and feces from susliks (Yevdoshenko et al., 1961) and guinea pigs 
(Davis and Cox, 1938; Parker and Steinhaus, 1943) may contain ~ byrnetii/' 
the organisms persisting as long as 100 days in the latter species. Urine 
from white mice {DeMattia et al., 1952; Ozbil, 1955} and hamsters (Bock, 
1954), and feces from domestic fowls (Sobeslavsky, 1957) may also contain 
~. burnetii. Eggs laid by chickens infected with the Q fever rickettsiae 
have been shown to contain the organism (Sobeslavsky, 1957) and if broken 
represent another possible means of contaminating objects. Extrapolation 
of the cited observations can undouttedly be made to other domestic or 
feral animals. 
IV. EFFECTS OF IRRADIATION ON RICKETTSIAL INFECTIONS 
Various types of irradiation have been extensively studied with 
regard to the.lr effects upon animal systems. The primary reasons for these 
studies are the possible uses of radiological warfare, the increasing 
employment of radiation in science and industry, and the growing interest 
in the effects of "natural" irradiation, i. e., cosmic rays, ultraviolet 
rays, etc. As discussed earl ier, Q fever infections have been demonstrated 
to be reactivated naturally. Whole body x-irradiation seemed a logical 
method by which such a reactivation might be induced experimentally. 
In referring to effects of irradiation, the paucity of avail-
able information regarding Q fever necessitates a broadening of the 
review material to include other rickettsial diseases. 
A. Q~ 
Burnet and Freeman (1938b) were able to increase the number of 
Q fever rickettsiae in the spleens of experimentally infected mice by sub-
jecting the mice to whole body x-irradiation. The dosage given was 
approximately 900 r. According to the I iterature, the only other work 
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concerning the influence of irradiation upon ~. burnetii infection was by 
Goldwasser et al. (1951), in which it was reported that whole body 
x-irradiation increased the severity of the infection in white mice. 
B. Murjne Typhus 
The earl iest reported studies of x-irradiation upon rickettsial 
infections was by Zinsser and Casteneda (1932). By intraperitoneally 
infecting rats whose resistance had been lowered by x-irradiation, these 
investigators were able to recover relatively large numbers of Rickettsia 
mooserj from the animals' organs. This work was carried out in an 
attempt to produce a vaccine containing more rickettsiae. 
Greiff et al. (1953) reported that multipl ication rate and 
quantity of [. mgoserj increased in fertile eggs exposed to a single dose 
of x-irradiation. Irradiation was given either AS hours after or 21 hours 
before inoculation. A later study by the same workers (1957a) showed 
that best effects were produced by irradiation given 6 days after inocul-
ation. Beta-ray irradiation produced by trlt1:Ulm-labeled water inoculated 
into eggs had similar effects on murine typhus infections (Greiff et al., 
1955, 1960). X-irradiation appeared to neutral ize the rickettsiostatic 
effects of high incubation temperature and of streptomycin in eggs, al-
though the effects of para-aminobenzoic acid, penicil I in and chlortetracy-
cl ine were not altered. It was speculated by the authors of this work 
that the streptomycin inactivation may be due to combination of the drug 
with degradation products resulting from irradiation or the presence of 
abnormally large amounts of substances which compete with strepto-
myc i n (Gre iff et a 1 ., 1953, I 957b ) . 
c. EpIdemic Typhus 
In a study similar to that which is to be reported in this 
thesis, latsimirskaia-Krontovaskia et al. (1959) investigated the possi-
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bi I ity of prolonged carriage of a. prowazekj in guinea pigs and rabbits. 
Whole body x-irradiation (200 to 800 r) was given to the animals 6 to 
38 months after experimental infections with the rickettsiae. Attempts 
to isolate the organism from the blood and tissues of the irradiated 
animals were unsuccessful and the complement-fixing antibody titers in 
sera from the animals remained virtually unchanged. 
Exposure of monolayer cultures of chick embryo entodermal 
cel Is to doses of 10,000 r of Co60 gamma radiation 8 to 18 hours 
before inoculation with a. prowazeki did not affect the growth of 
the organisms (Weiss and Dressler, 1958). Doses of 150,000 r to 300,000 
r produced increasing degrees of cellular injury; this was associated 
with a greater release of rickettsiae into the media than occurred 
in controls. This release of rickettsiae took place during the first 
few days of infection, probably as a result of more rapid lysis of 
irradiated host cel Is. 
Liu et al. (1941) reported that previously x-irradiated 
white mice were fatally infected with a. prowazeki inoculated intra-
abdominally. Larger amounts of rickettsiae were recovered from the 
irradiated animals' tissues than could be obtained from unirradiated 
controls. 
D. Rickettsialpox 
Beta-or x-irradiation of embryonated eggs prior to or during 
infection with Rickettsja akari resulted in an effect opposite to 
that obtained with the other types of rickettsiae discussed previously, 
multipl ication of the rickettsiae being inhibited (Greiff et al., 1960). 
The combined data of the a. mooserj and a. ~ studies suggested to 
these investigators that host cel I damage apparently took place primarily 
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in the nucleus, since the murine typhus organism usually grows wei I in 
the cytoplasm while the rickettsialpox agent multipl ies in both 'the 
nucleus and the cytoplasm. This conclusion was previously proposed 
by another worker (Gray, 1956). 
E. Scrub Typhus 
In the only work reported involving irradiation and the 
scrub typhus agent, Kawamura and Shimuzu (1955) demonstrated that 
multipl ication of a. oriental is and a. tomjyaj was increased in X-irrad-
iated embryonated eggs. 
Various types of irradiation have been shown to be capable 
of activating latent infections and of increasing an animal's suscepti-
bi I ity to disease. This is chiefly due to 'the stress caused by the 
agent in the animal, resulting in an alteration of many of the phy-
siological processes of the body to infection (Donaldson, 1954; Talmadge, 
1955; Donaldson and Marcus, 1956; Perkins, 1958; Pottinger, 1961; Leone, 
1962) • 
V. STEROID HORMONES AND RICKETTSIAL INFECTIONS 
Information in available I iterature concerning effects of 
steroid hormones upon Q fever infections has been sparse. Therefore, 
other rickettsial diseases, in addition to Q fever, wi I I also be 
discussed in this section. 
A. Q Fever 
Domestic fowl experimentally infected with ~. burnetii 
excreted the rickettsiae in the feces for up to 6 weeks after infect-
ion. Attempts were made to revive the infection in two of the five 
infected hens with injections of cortisone, but were apparently unsuc-
28 
cessful (Sobeslavsky, 1957). 
Mika et al. (1959) studied the effects of various stressor com-
pounds on mixed infections of ~. suis and~. burnetii. Earl ier 
studies by this group showed that prior infections with the bacterium 
resulted in a resistance to usually lethal doses of the rickettsiae 
(Mika et al., 1954, 1958; See II of the review). Injections of 
suspensions of desiccated thyroid extract at the time of infection 
with ~. burnetii caused a reversal of the previously observed resis-
tance, guinea pigs dying within 10 days. Cortisone injections in 
the same study also appeared to nul I ify the interference phenomenon, 
if in i t i ated wi th the bacter i a I inJect ion. I f the inJect ions were 
started 14 days later, at the time of rickettsial injection, the 
resistance of the animals was maintained. The data suggested that 
the cortisone treatment depressed the overt inflammatory response 
and directly or indirectly altered the activity of the reticuloen-
dothel ial system associated with the primary bacterial infection. 
The degree of suppression of the general ized inflammatory reaction 
varied directly with the amount of cortisone employed (Mika et al., 
1959) . 
B. Rocky Moyntain Spotted Fever 
Aikawa and Harrel I (1953) studied the effects of injections 
of cortisone acetate on experimental Rocky Mountain spotted fever 
in the guinea pig. They reported I ittle or no effect on the experi-
mental rickettsiosis and mortal tty rate was not attered. Workman 
et al. (1952) used a combined treatment of cortisone and chloramphen-
icol in three severe human cases of the disease. An excel lent response 
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was described, the fever period being several days shorter than cases 
treated with chloramphenicol alone. Cortisone dosage was 200 mg: 
initially and two further doses of 100 mg at 6 hour intervals. Chil-
dren received two-thirds of these doses. 
C. Psittacosis 
As discussed previously, psittacosis infections can be 
latent in birds and some mammals. Austin (1957) demonstrated that 
cortisone given subcutaneously in doses of 5 mg daily for 2 days in 
previously infected white mice caused a reactivation of the infection. 
This was indicated by death of 56% of the mice within 10 days after 
administration of the drug. The number of pSittacosis organisms lim 
the spleen rose one log unit in this same time. No change was report-
ed in CF antibody level. 
D. Boutonneuse Fever 
Giroud et al. (1959) found that the effects of intra-
cutaneous inocUlation of Rickettsia conorj in rabbits treated with 
cortisone varied considerably. Among the treated animals, seven of 
nine showed negative, weak or delayed local reactions, but deaths 
occurred in the remaining two rabbits within seven days. AI I 
agglutination titers to a. conorj were either low or undemonstrable. 
E. ~ Typhus 
Doses of cortisone ranging from 1.5 to 3 g per 45 kg 
given to human patients infected with scrub typhus reduced the 
typical fever and headache accompanying scrub typhus disease (Wisseman 
eta I ., I 954) • 
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F. Epidemic Typhus 
Whitney and Anigstein (1953) showed that adminstration of 
cortisone to rabbits or guinea pigs during the process of immuni-
zation with a. prowazeki antigen caused a low degree of suppression 
of CF antibody formation. Dosages fop rabbits was 10 mg daily for 
15 days, whi Ie that for guinea pigs was 25 mg dai Iy for II days. 
Later work by Genig (1959) and by Shmeleva (1959b) indicated that 
guinea pigs treated with cortisone and inoculated with a virulent 
strain of a. prowazekj reacted to the infection with a shorter incub-
ation period and a longer febrile period than did untreated animals. 
The rickettsiae apparently persisted longer in tissues and ricket-
tsemia was intensified and prolonged in the treated animals. 
G. Murine Typhus 
Extensive investigations concerning effects of cortisone 
on experimental murine typhus have been carried out recently (Whitmire 
and Downs, 1954; Downs and Whitmire, 1957; Whitmire, 1957). Corti-
sone treatment was shown to alter the course of a. mooserj infection 
in mice, cotton rats, hamsters and guinea pigs. In al I cases the 
susceptibil ity of the animals to lethal or infectious doses was 
increased. Scrotal reactions and inflammatory responses in the 
hamsters and guinea pigs were reportedly suppressed. Different 
strains of white mice showed great variation in their susceptibil tty 
to the effects of cortisone (Whitmire and Downs, 1954). Whitmire 
(1957) was also able to transform a latent a. mposerj infection in 
hamsters into an active, fatal infection by cortisone treatment, 
death occurring 30 days after infection. No controls (cortisone 
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treated b~ not infected} were reported in these experiments, so that 
the observed deaths could have been due to the cortisone alone. No 
change in CF antibody titer could be detected. Dosage of cortisone 
in these experiments was 10 mg with initial injection of rickettsiae 
and 5 mg in a single dose 24 days later. The same group of investi-
gators (Downs and Whitmire, 1957) studied the effects of cortisone 
on immunity and the Immune response in mice, cotton rats, hamsters, 
guinea pigs and rabbits. It was found to have no effect on the de-
velopment of immunity or on the resistance to challenge with murine 
typhus in the mouse. The drug also had no apparent effect on 
immunization of rabbits with sonic-treated or whole rickettsial antigens. 
Cortisone did appear to cause a slower development of CF antibody 
in the rabbit, although by 21 days a higher level of antibody was 
present in the cortisone-treated animals. Insufficient data were 
presented to provide any information on effects of the drug on 
resistance of other animal species to murine typhus infection. 
Shmeleva (1959a, 1959b) essentially repeated the work of 
Whitmire and Downs with similar results. Some additional dat~ gave 
evidence that the CF antibody response in treated white rats was 
delayed the first two or three weeks after infection, but by 60 and 
92 days the antibody level was higher than in control animals. No 
differences in CF antibody response to murine typhus organisms in 
cortisone-treated white mice could be demonstrated at 21 and 30 days 
after infection. 
A prolongatio.n of murine typhus rickettsemia by cortisone 
treatment of wh i te rats was reported by Po I lard and Wi I son (1955). The 
rickettsemia lasted as long as 28 days in the treated animals compared 
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to only 15 days in untreated controls. Injections of ACTH prior to 
injection of toxins of a. mooserj or a. prowazekj apparently do not 
exert a noticeable protective effect (Kass et al., 1951). Mice treated 
in such a manner died approximately as rapidly as did non-treated 
controls. 
Studies concerning cortisone or other adrenal cortical 
hormones on infectious diseases and immune processes have been subject 
to much attention in the past few years, primarily since the advent of 
synthetic cortisone. A number of reviews and entire books have been 
publ (shed on the subject (Thomas, 1953; Schwartzman, 1953; Dougherty, 
1953; Rose, 1959; Brandon, 1962). The general effects of these hormones 
as described in the above reviews wil I be described in the Discussion 
section of this thesis, under Cortisone Treatment. 
MATERIALS AND METHODS 
I. ORGAN I SN5 EMPLOYED 
The Cal ifornia AD strain of ~. byrnetii was used i~ this 
study. The strain was originally isolated from the milk of infected 
dairy cettle in Los Angeles, Cal ifornia (Huebner et al., 1948). It was 
received as yolk sac slurry from Fort Detrick, Maryland, where it had 
been subjected to over 25 egg passages. Upon receipt, the material was 
distributed into gless ampules, sealed and stored on dry ice. The 
50% infective dose (1050 ) for this strain of ~. burnetii was determined 
for guinea pigs in a previous study by employing the fol lowing 
criteria: fever response; Phase I I CF antibody response; and tissue 
infectivity. The 1050 dose was found to be a 10-9 dilution of the 
rickettsiae-yolk sac Slurry (Sidwell, 1961). The 1050 of the Slurry 
-9 was redetermined for the current studies and again found to be a 10 
d i I ut ion. 
I I. EXPERIMENTAL ANIMALS 
Animals employed were guinea pigs (CaYia cobaya), Swiss 
strain of white mice (~~~), and laboratory reared deer mice 
(Peromyscys manjculatys son9riensjs LeConte). Guinea pigs weighed 
400-500 g at the time of initial inoculation and 700-900 g at time of 
treetment. The white mice had been weaned 3-4 weeks prior to time of 
inoculetion. AI I deer mice were young adults, 7-9 generations removed 
from wild parent stock. Approximately equal numbers of both sexes were 
employed for most experiments. AI I guinea pigs were pre-bled from 
the orbital"sinus and their sera tested for Q fever antibody prior 
to use. Random samples of white mIce and deer mice were sacrificed, 
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bled, ~nd their ser~ ~Iso tested for presence of Q fever ~ntibody 
before attempting ~ny experiment~tion. AI I pretested guine~ pigs 
~nd white mice h~d no detect~ble ~ntibody, but sever~1 sera from 
pretested deer mice did contain low (1:8-1:16) CF titers of ~ntibody 
reacting with Q fever antigen; it was assumed, however, that these 
titers were non-specific, having been observed in control anim~ls 
in earl ier work (Sidwel I, 1961). 
In the reactivation experiments, al I ~nimals were caged 
singly to ~void cross-infection. In the attempts to demonstrate 
the tr~nsmission after reactiv~tion, uninfected ~nimals were placed 
as c~ge mates with the test ~nimals. Normal uninfected animals were 
housed in c~ges r~ndomly spaced among cages of infected animals to 
serve as controls and to indicate the occurrence of possible cross-
infections between cages. Normal animals were also kept in an 
uninfected area to serve as addition~1 controls. 
I I I. SEROLOGICAL TESTS 
Two types of tests were employed in these studies to 
detect antibody to~. burnetji. These were the c~pil lary tube ag-
glutination (CTA), and the complement fixation (CF) test. E~ch 
of these tests were employed and standardized in an earl ier 
invest i g~t ion (S i dwe I I, 1961). 
The CTA test was orjgin~1 Iy described by Luoto (1953, 1956). 
Antigen for the test was prep~red from Ph~se I Ohio strain ~. byrnetii 
by Dr. Luoto and ~ssociates ~t the Rocky Mountain Laboratory. Sera 
to be tested were diluted with normal sterile 25 per cent bovine sera 
in 0.85 per cent sal ine to enh~nce agglutin~tion (Luoto, 1956). 
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The CF test employed for these studies used two exact units 
of complement, two antigenic units of antigen, and two units of com-
mercial hemolysin (Cappel laboratories). Complement was pooled from 
e sma I I group of normal guinea pigs, sealed in glass ampules, and 
stored at dry ice temperature until use. Combined serum, antigen and 
complement were incubated overnight at 4-6°C, after which sensitized 
sheep red blood cel Is were added, and the test incubated in a 37°C 
water bath for one hour. Hemolysis of 50 per cent or less was 
considered positive. Appropriate controls were run with each test. 
Antigens used in the test included a Phase I CF antigen prepared from 
Ohio strain ~. burnetii by Dr. David B. Lackman and associates at 
the Rocky Mountain Laboratory, and a Phase I I CF antigen of Nine 
Mile strain ~. burnetii obtained from Lederle Laboratories. 
Sera from the animal species employed in these studies 
were of such a nature that I ittle detectable anticomplementary (AC) 
reaction could be demonstrated. Therefore with the exception of 
starving al I animals at least 24 hours before bleeding, no extra 
measures had to be taken to el iminate AC reactions. 
IV. TISSUE INFECTION DETERMINATIONS 
AI I sacrificed animals were examined for spleen enlargement 
end a variety of organs removed, depending upon the experiment. 
Each viscus removed was divided into two parts. One part was pooled 
with other perts of the same organ type. The other half of the 
divided tissue was placed in separate vials and held at dry ice temp-
erature. The organ pools were ground in a mortar with stert Ie san~ 
then suspended in sal ine and 1.0 ml injected intraperitoneally (ip) 
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into one guinea pig for each poOl. These tissue-injected guinea pigs 
employed for the determination of the presence of ~. byrnetii wit I be 
referred to as lIindicator u guinea pigs. These indicator guinea pigs 
were bled 28 days fol lowing injection and their sera tested for Phase 
I I CF antibody to~. byrn~. Antibody titers of I :16 or greater 
were considered positive in these studies, as based on earl ier investi-
gations (Sidwel I, 1961). When a positive tissue pool was detected, 
the individual tissues comprising the pool were thawed and processed 
individually in a manner analogous to the above. Occasional Machia-
vel 10 stains on the individual tissues were prepared and examined 
microscopically for the presence of visable ~. byrnetii, particularly 
when abnormal organs, e.g. enlarged spleen, were observed. Pool ing 
organs prior to use of the individual tissues aided in conserving 
indicator guinea pigs and was a method of confirming positive specimens. 
Blood, urine and feces were tested in a similar manner 
to the above, with the exception that al I urine and feces were first 
mixed with 0.5 ml penicil I in (Pronapen, Pfizer, 150,000 u penicil I in 
G Procaine and 50,000 u penicil I in G potassium), held at room temp-
erature one hour, and then injected into guinea pigs. This procedure 
was undertaken in an attempt to reduce death in animals due to 
bacterial infection. A somewhat similar technic was employed success-
fully by Morgan (1949). 
v. X-IRRADIATION STUDIES 
A. ,I rrad i at i on Method; LD50 Detennlnat ron 
A Westinghouse Quadrocondex x-ray machine was used for al I 
irradiation experiments. Radiation factors were 250 KVP, 15 rna, 1.0 
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mm AI and 0.5 mm Cu fi Iters in addition to an inherent filtration of 
2.5 mm AI and 0.25 mm CUj distance from focal point to surface for al I 
animals was 60 cm. AI I radiation measurements were corrected for 
barometric pressure. 
The average dose rate as measured by a Victoreen r meter 
varied from 5 r to 65 r per minute depending upon point of measure-
ment on the table. To attempt to produce a more standard field l 
four lead rings 20 inches in inside diameter were set in a pile upon 
the surface showing highest irradiation received per minute. Fol-
lowing several ring adjustments on the table surface l a steady irrad-
iat10n rate of 42 ! 2 r per minute was obtained at al I pOints on the 
surface of the field within these rings. The measurements were made 
prior to, during l and fol lowing irradiation of animals. AI I animals 
to be irradiated were placed on the surface within these rings. A 
galvanized wire screen of 1/2 inch squares was set within the rings 
close to the surface over the animals to keep them spread out as 
wei I as confined. This wire screen produced no detectable fluctua-
tion in x-irradiation dose per minute in the area holding the 
experimental animals. Total dosages given were calculated in pro-
portion to time exposed. White mice and deer mice were irradiated 
ten at a time l guinea,~igs four at a time. A 21 day LD50 was 
determined in al I animals using the Reed and Muench (1938) method for 
calculation. 
B. Reactivation ~ Dosages 
Dosages given in the reactivation experiment were selected 
to be sl ightly less than and greater than the LD50 • These were termed 
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the low and high doses", respectively. For guinea pigs these were 
100 rand 175 r (LD50 : 163 r), for white mice 300 rand 450 r (LD5Q: 
431 r), and for deer mice, 350 rand 625 r (LD50: 588 r). 
V I. CORT I SONE STUD I ES 
A. Cortisone Employed 
The cortisone used in these stUdies was obtained from Cal i-
fornla Corporation for Biochemical Research (Cortisone, Cat. No. 2351)~ 
This was suspended in sal ine at the concentration desired and kept in 
a near homogenous state during injection by stirring with a magnetic 
stirrer. An automatic syringe was used for injections. 
B. Reactlyation Stydy Dosages 
Two doses of cortisone were investigated for each animal 
species. For white mice and deer mice these were: 0.25 mg in 0.2 ml 
per animal per day for 7 days (1.75 mg total, termed the low dose) and 
2.5 mg in 0.2 ml per animal per day for 7 days (17.5 mg total, termed 
the high dose). Injections were administered subcutaneously (sc) 
in the nape of the neck. For guinea pigs the doses were 2 mg in 0.5 
ml per animal for 7 days (14.0 mg tota~ termed the low dose), and 20 
mg in 0.5 ml per animal per day for 7 days (140.0 mg total, termed 
the high dose). Injections into guinea pigs were administerai sc in the 
inguinal region. 
RESULTS 
I. DETERMINATION OF AN X-IRRADIATION LD50 IN GUINEA PIGS, WHITE MICE 
.AND DEER MICE 
Deaths occurring among irradiated guinea pigs, white mice and 
deer mice within 21 days after exposure are indicated per number 
tested in Table I. Guinea pigs were most susceptible to whole body 
x-irradiation, es measured by the number of PO$t-exposure deaths, ani-
mels dying from levels a~ low as 125 r. The LD50 was calculated as 
163 r. 
White mice were more resistant then guinea pigs to irradia-
tion, the LD50 being 431 r. White mice died from doses as low as 
375 r. 
Deer mice were the most resistent to whole body irradiation, 
requiring a dose of 588 r for an LD50 although deaths occurred in 
animels receiving as low as 375 r. 
I I. RICKETTSIAE APPEARANCE AND PERSISTENCE IN INTRAPERITONEALLY 
INFECTED GUINEA PIGS, WHITE MICE AND DEER MICE 
An earl ier study (Sidwel I, 1961) had demonstrated the 
persistence of the Cal ifornia AD strain of ~. burnetji in various wild 
animal tissue. This is an extension of that study with guinea pigs 
and white mice being investigated. Feces, urine, blood and reproductive 
trects (testes or ovaries and uterus), which had not been studied 
previously were investigated, as werespleen, kidney and liver. 
Animals were infected ip with ca. 104 guinea pig 1050 doses 
of ~. burnetij, then sacrificed at 3, 6, 9 and 12 weeks and the var-
ious tissues removed to be tested for presence of rickettsiae. 
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Table I. Determination of x-irradiation LD50'S. Data expressed 
as deaths occurring in guinea pigs, whIte mice and deer mice 































































?E-LD50 calculated using the method of Reed and Muench (1938). 
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Results are summarized in Table 2. Each animal species wil I 
be 'discussed separately, due to the variation demonstrated between species. 
Guinea~: Q fever rickettsiae were found at 3 weeks after 
inoculation in al I tissues tested except blood. Urine and fecal mater-
ial also contained sufficient rickettsiae to incite a high ()1:256) 
Phase I I CF antibody response in sub-inoculated guinea pigs. Organ-
isms could not be demonstrated after the 6 week testing period in 
spleens, reproductive tracts (mainly female), or I Ivers. Renal tissue 
stil I contained ~. burnetij at the 12 week period, however, at 9 
weeks this pooled tissue incited no detectable antibody response 
in the sera of the indicator guinea pigs tested. 
White~: Results were similar to those found in guinea 
pigs concerning blood, kidney, spleen, urine and fecal material. 
Rickettsiae persisted in I ivers through 9 weeks and in reproductive 
tracts (male only) and kidneys through 12 weeks. 
Deer mice: Results were virtually identical to those 
described earl ier (Sidwel I, 1961), with spleens, kidneys and livers 
containing Q fever rickettsiae through 6 weeks. No rickettsiae could 
be demonstrated in urine or blood at any of the times listed. 
III. EFFECTS OF WHOLE BODY X-IRRADIATION UPON LATENT COXIELLA BURNET I I 
INFECTION 
A. Effect Upon Reactiyation Qi Infection 
Guinea pigs, white mice and deer mice were inoculated ip 
with 0.2 ml of a 10-5 di lution of ~. burnetii-yolk sac Slurry. This 
was equivalent to ca. 104 guinea pig ID50 (Sidwel I, 1961). AI I ani-
mals were then held 90 days after which they were divided into three 
Table 2. Persistence of rickettsiae in guinea pi~s, white mice and deer mice 
i njected i ntraper i tonea II y wi th 104 gu.i·nea pi g I Dsb Cox i ell a burnet i i . 
,.,.-,_. -~-
~. _____ ., i . Lengtt1~L_Pers i stence (Weeks) I 
An i'TI~~.I, __ ~~ef'l __ . ____ t- K i dn. e~epro~~_Tr--0 __ ~~_~'=--___ ~ Ur i ne 
I . I I 1 
Gu i nea pigs i 6 I 122 ! 6 I 6 I 3 
, I ! I i 









As determined by 28 day Q fever Phase I I CF antibody response in tissue-injected indicator 
guinea pigs. 




groups: Group I were controls, which were infected'butnot irradiated; 
Group 2 were infected animals that received a low dose of x-irradia-
tion; Group 3 were infected animals that received a high dose of x-
irradiation. 
The time of irradiation was labeled day O. Subsequent from 
this time, five animals of each group were sacrificed and bled on day 
3, 8, 19, 28 and 49. Spleens, kidneys, reproductive tracts (pooled 
testes and semen or uterus and ovaries), I iver, urine, feces, and 
blood were removed from each animal and processed for determination of 
~. burnetji (see Materials and Methods, IV). Serum from each animal 
was tested for presence of Q fever antibody with the three ~. burnetij 
antigens described previously (see Materials and Methods, I I I). 
Each animal species varied in reactivation results, hence 
results of studies on each species wil I be described separately. 
The results are indicated in Tables 3, 4 and 5 for guinea pigs, white 
mice and deer mice, respectively. Each of the animals tested were 
shown in these tables in order to note whether any other tissue in 
the seme animals became infected and to differentiate between sexes. 
Guinea~: Only one type of organ, the kidney, in control 
animels continued to contain detectable~. burnetii 90 days after 
time of infection. This organ was infected in one to three animals 
at each sacrifice period except the last, at which time al I organs 
and other material were apparently free of demonstrable rickettsiae. 
Three and 8 days after receiving 100 r x-irradiation, guinea pigs could 
be shown to contain ~. burnetii in their spleen, kidneys, reproductive 
tract and I iver. Nearly al I the infected animals were females. On 
Table 3. Presence of Coxjel la burnetij in guinea pigs receiving low, high 
or no whole body x-irradiation 90 days after injection 
Controls (0 r) 
Time l I 3 8 19 28 49 
Animal No. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Animal Sex 2. .2.. 2.. d d' 2.. .2.. 2.. .£ ~ .2. .£ .2. 0 cI .2 2- cf cf a' 2. .Q. .Q. 0'" 0' 




* * Feces 
* * * Blood 
LowX~ay (100 r) 
Time l 3 8 19 28 49 
An ima I r~o. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Animal Sex ~ .2 .2 -2. 0' ..2. .2 ..2. .2. cf .2. .£ .2. a' 0' ~ .2 iff d'" d' Q. .2 cr 07' d' 
---Spleen + + + + + ~.' + + + + + 
Kidney ! + + + + + + + + + + + + Rep. Tract + + + + + + + 





* * Blood I I I 
HiQh X-Ray (175 r) 
Time l 3 8 19 28 : 49 
An ima I i~o. 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 6 I 7 I 8 19 20 I 
Animal Sex 
.Q. .Q. .2. d' cl c5' cl'a d' d'! --Q .£ .2. 2- 2. fl. .2 0 . 2. £. 
Spleen + + 
I 
(A I I d i ed-··-···· 
Kidney + + + + + + + + + + + prior to 









* Indicator guinea pigs died before time of bleeding. Others reinjected, also died. 
~~ Space indicates rickettsiae were not demonstrated in tissue. 







Table 4. Presence of Coxjel la burnetii in white mice receiving low, high 
or no whole-body x-irradiation 90 days after infection. 
Time 3 19 28 
An i ma I r,Jo. 2 3 4 5 6 7 8 9 I 0 I I 1 2 I 3 1 15 16 I 7 I 8 19 20 21 22 23 24 25 


















_ Time II ttd 8 J.ow~~:-Ray: ~QO r:l 
~~ : :: .~~.~~. }-}~-~·§=r}·~ !..~.Il~ .. I~.I d-.I--;~=+---_---=--.-.-- -,,:-... -.... ------...l--.-.--.--.------.:--:-__ ----~ 
_______ . ______ ~9---- ______ . .~ ~ . .---.~--2----2---~--""---------l--
Sp I een i + I + + I 
Ki dney I I 
Rep. Tract ! + + I + 
Liver I + . + I 
Ur i ne I I I if-
F eces I * i + * i + + * * 
13 I Dod L _ .... ___ . ________ h _____ .l _____ ..... __ .. __ . ____ . __ .:....---_. __ . __ _ 
Spleen 
Kidney 
Rep. Tract + + + + 
Liver + + 
Urine * 
o r) 
Feces * + * * 
*Indicator guinea pigs died before time of bleeding. Others reinjected, also died. 
*if-Space indicates rickettsiae were not demonstrated in tissue 




Table 5. Presence of Coxjel la burnetii from deer mice receiving low, high 
or no whole body x-irradiation 90 days after injection. 
Controls (0 r) 
Time l - .... - -I 1~--T4~6 28 49 
I ~~~:: ~~ 8_~ I~II~ L~_J_~tI2J_8 .. L9 2~21_R?~£~2~ 
Spleen 
Kidney I 




i:Uood ._ * * 
-- -~~ ---~ ----.-~--- L.9w~-ray (350 r) .. . 






~ ~ ... 2.--.-.--t~.--L------ I Cf---2-~ .. -~-- ~ 9 
Feces 
Blood * 1* 
. : : I 
+ 
i rO~!___ __ _ 
_. _______ Hi gtl X-r a (925 r) ___ -,--_______ ._ 




_1_L2_A..-{ _.L7_._§.._~.1 ~ I UU:?d IA_I~ L!L.l.:Ugl I ~ 2~12 i_?·Z_1:?_.~,~, 2~i 
_L~ ___ .2 ___ ~ ________ --ll--~--- ~ ~ ~---'L 
+ + 
Kidney + + + 




Blood l ___ _ 
* Indicator guinea pigs died before time of bleeding. Others reinjected, also died. 
~~ Space indicates rickettsiae were not demonstrated in tissue. 
I Expressed as days after irradiation. 
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the 19th day spleen, I iver and one sample of feces were infective, both 
male and female guinea pigs being involved. At the 28th day spleen, 
kidneys, reproductive tract (male and female), I iver and a urine sample 
contained the Q fever rickettsiae, the positive urine sample coming 
from a male whose kidneys were also infective. No rickettsiae could 
be detected in the 100 r irradiated animals by the last sacrifice 
period. A total of eight guinea pigs died fol lowing irradiation by 
the final sacrifice period. 
Those guinea pigs receiving 175 r of x-ray yielded essent- . 
ial'y the same results as were obtained with the low dose-irradiated 
animals, except that fewer tissues were infected at any sacrifice 
period and no urine or fecal material contained detectable ricket-
tsiae. AI I animals receiving the high amount of irradiation had died 
by the 49: day sacrifice period. A total of 28 of the high dose 
irradiated guinea pigs died by the final sacrifice period. 
Guinea pigs receiving either low or high dosages of irrad-
iation generally showed infection with Q fever organism in more 
tissues than in the control animals, i.e., the indication was that a 
definite dissemination of ~. burnetii to other tissue had occurred. 
Splenomegaly was observed only occasionally. 
~ mice: Control white mice infrequently contained demon-
strable ~. burnetii in male reproductive tissue and in the kidneys. 
One mouse receiving the low (300 r) x-irradiation treatment had 
demonstrable rickettsiae in its reproductive tract (male) and spleen 
at 3 days. By day 8, low dose-irradiated mice contained infective spleen, 
male reproductive tract, I iver and feces. Coxjel la burnetji could be 
found only in a male reproductive tract and two feces samples on day 
19. No organisms could be demonstrated in the low-irradiated group 
of mice by 28 and 49 days after irradiation. 
Tissue infectivity in white mice treated with high x-irradi-
ation doses (450 r) varied I ittle from the non-irradiated control 
animals, with the exception of two hepatic tissue specimens being in-
fected at 8 days, one of the animals at this time also having a 
rickettsemia and Q fever organisms in its fecal material. At no time 
during the study did females have detectable organisms in their 
tissues and other tested material, although females were examined at 
al I sampl ing periods. Splenomegaly could not be demonstrated in 
the three white mouse groups. 
Deer mjce: No rickettsiae could be demonstrated in control 
deer mice during the study. Among deer mice receiving low dosages 
(350 r) of whole body x-irradiation, only two, sacrificed at 49 days 
after irradiation, exhibited ~. burnetlt in their viscera. Spleen, 
kidneys and a I iver specimen were infected. Animals treated with 
625 r of x-irradiation could sporadically have rickettsiae demon-
strated in their orga~s, i.e., two kidneys and a I iver on day 3, 
a female reproductive tract on day 8, two spleens, a kidney and a 
blood sample at 28 days and two spleens, a female reproductive tract 
and a blood sample at 49 days fol lowing irradiation. 
Spleen enlargement was often noted upon necropsy of 
irradiated deer mice. Microscopic examination of Machiavel 10-
stained smears of the positive spleens and I iverdescribed above re-
veal.~d visable rickettsiae (Figure I). 
Figure I. Coxiella burnetj j in Machiavello-stained tissue 
smears. Top: I iverj bottom: spleen. X 2000. 
5C 
Indicator guinea pigs injected with urine or fecal material 
from any of the three animal species frequently died before the time 
set for bleeding. Others ~re reinjected with the same material and 
some of these a,lso died. Further injections ~re not attempted in 
the case of deaths occurring a second time, since I ittle of the ori-
ginal material remained for subsequent tests. 
B. Effect Upon Q Fever Antibody Response 
At each sacrifice period in the reactivation experiment 
just described, the serum was extracted from the blood of each test 
animal. Each serum sample was then tested for presence and titer of 
Phase and I I CF and CTA Q fever antibody. AI I tests ~re perform-
ed at the same time for closer comparison of titers. The antibody 
titers of each animal are indicated in Tables 6, 7 and 8. The mean 
titers of each group are shown graphically in Figures 2, 3 and 4. 
Guinea~: Little marked variation in titer could be 
noted in the Phase I I CF antibody, except at 28 days after irradi-
ation, at which time the group receiving 100 r of x-ray sho~d a 
drop in titer. AI I guinea pigs in the 175 r x-irradiation group had 
died prior to the final bleeding, which was 49 days. The same 
response occurred in Phase I CF antibody; at 28 days, the mean low 
dose guinea pigs decreased, while the high dose had'a grossly increased 
titer. The same trend was noted with CTA antibogy also. At 8 days, 
the irradiated guinea pigs had higher titers of this antibody, while 
the converse had occurred by the 49th day. A significant drop in 
titer occurred among control animals with al I three types of antibody 
bet~en day 28 and 49. 
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Table 6. Q fever antibody titers· in guinea pigs subjected to hig~ 
low or no whole-body x-irradiation 90 days after intraperitoneal 
inject ion wi th Coxie~, I iubiJrnet U • 
I---D8_y:....-I~_r_:_~_~e_r __ A_n_~_~ __ ~_' _____ o_r--= IC?jTa1"Jr:r~~qlrC!tj·:~= __ 175 .. _i: 
____ ---t-__ P_h_a_s __ e _1_I_Co_m-,-p_'_em.e n t F.L~J ng~n t i bo ~_T_i t;-e_r_s_---::-::-=:--_ 
3 I i 256 1 I 28 32 
2 I 256 64 512 
3 : 128 128 256 
















32_ .... L __ ... __ ~P4EL ..... _ .......... 64 __ .. 
64 64 32 
512 ! 256 128 
128 i 64 32 
512 )\: 1024 512 
256 256 128 
512~ --'~'~'-'~--T~--'-- 512 -~'--32--
512 ! 512 64 
64 I 256 512 
256 i 32 256 
256 512 128 
. .~ -.----;-~-.---
16 1024 64 1 024 
1 7 1024 64 1024 
I 8 I 28 64 2048 
I 19 1024 128 512 
l----~f_--:---- ---~~: . 64 102; 
22 64 128 -iE-
23 64 32 *~ 24 32 64 I * 
25 i 64 64 ~E-
Phase Complement Fixing Ant ibody Titers __ ~-.. - .... 
I i I 28 ! 32 I 64 
3 64 128 512 
4 32 64 128 I 
2 128 64 L' 256 I 
64 I 128 64 I 8 ... -.--f----.--....... - . ...;;;..-.... -.. ·----·f2S--·---- t-------64·'-- I -----16·- ._-
7 512 512 512 
8 128 32 I 128 
9 I 28 1024 51 2 
: I ~~ b;~ ---1- I;~ -
12 256 512' 64 
19 
13 64 512 256 
14 128 B 128 
I 5 I 28 256 128 
(Con t i nued., next page) 
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Table 6, Continued. 
Days after, Animal To.tal :·[rr.~adUj't·io:n 
I rr ad. No. 0 r 100 r - ~:. 1 75 r 
__ .. _' __ .~~~hese L_~C!!!'i~~me-n·~F·-F fx ng ~n~-fbodi-JI!ers- (.~<2!lt.' d)~-. -~-I 
28 16 I 1 28 64 I' 1024 
17 256 64 512 
18 I 28 i 64 I' 1024 
19 256 I 128 512 ~! --~E _____ +____1-~:1------51:--. 
23 64 32 * 
24 32 64 
____ P.;......ha-=-s=--e I Ca£.] 1 I ar 








64 16 8 
32 32 64 
32 64 128 
16 32 32 
,.,8 _ ...... _. __ 64~ ____ .~ . _____ .p2 
32 64 16 
32 128 128 
16 32 64 
16 256 256 
_____ +-----_____ .-+ ___ ~___ _ ___ ~4_._; __ . ___ .. __ ~ .. §.4_'__~ 
i 12 
! I 13 
I 
14 




I 17 I 
! 18 
j 19 I 






256 256 128 
256 256 64 
64 128 256 
256 8 256 .~~---+----!}~----- 2~!· 
128 I 16 256 
128 ! 64 512 












'Expressed as reciprocals of serum titers. 
*Died prior to time of bleeding_ 
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Table 7. Q fever antibody titers' in white mice subjected to 
high, low or no whole-body x-irradiation 90 days after intra-
peritoneal injection with CoxIe! la burngtii. 
--
Days after Animal ____ ~T_o1~_·Jr.radLr;tJ~~1'l 
'!- __ ~~._ ••. _. __ ._.~~_~~__ ._ .. ~~ r .. ----.--.-=--::c.:::.-.....:.--.--.~_~ __ ~...::.__=:............... _ __I 
~hl ..~~~-iLG2r.!!P..11~ment Fixing ~ntibody Titers 
I 64} 16 16 
I 
2 .. 32 ! 64 8 
3 I 8 32 32 
I . :.4 I 64 ; 64 32 
I 5 e?4.. __ .. _ .. ~. ___ 1 __ ~~ _____ 1 __ . ~ __ ~~_J 6 __ 
6 32 32 I 8 
7 128 16 02 
3 
8 
8 8 32 0 
\ I 9 16 8 0 
1_. ____ . ___ .-1-.-. __ 19~ __ +-.---------.c;. .. -.-.-.. ----_t ... - ... __ .•. _ ......• _.,...... _ ......... co .. _ .• __ •• _. ____ _ 









.. -... ~~- ..... - ...•. ,. 
: 28 16 32 16 16 
1 17 32 32 16 
32 ( 18 32 16 
! 19 32 16 
! _____ .. __ j_~ 3~ ___ .+_.. 16 







't 2 __ ~--~1~6~--~-.-.~--.----~.---~j'.~----.-.-_~-~~- Phase I-Complement Fixing ~ntibo.QLI1t~-r:s..r_--------




2 16 I 8 ! 0 
3 8! 8 I 32 









642 0 o 0 
16 0 
64 0 
..•.•. __ .... __ .-.+--. ___ . __ . ___ ....•.•. _ •... +_........ ......... 0 0 
II 8 o 16 
12 8 8 0 
~ I ~ 




16 16 16 I 0 
~ I I~ 
8 I 0 .~----= 
17 0 
18 16 
19 i 8 
20 I 8 
---.-............. _ .. ·· .. -.. -··TC~ntT nue d~'next page) 
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Table 7, Continued. 
22 0 0 I e 
I 
23 0 0 I 8 24 I 0 0 32 25 8 0 l -.32 -~-- ".~-~. 
Phase I Cal'i I I ary Tube Ag gf·.1.! tin e t .i Q..r:L..~_rJjJJ?_9~d Y._TJ.!~r s 
3 I 8 0 
2 0 8 
3 8 0 





8 6 8 32 
7 0 32 
8 8 16 
9 0 8 
10 8 8 
--19 II 16 0 
12 0 8 
13 8 0 
14 0 0 
I 15 8 8 
-
28 16 16 . 16 
17 0 16 
18 32 0 
19 16 0 
20 8 8 
_" ........ 4_ ••• ·_ ... -"'~""'.-,~-.-...-..-.,....-~ ~-- -- .. ~ ,-.,,-~ .... ,~ ~ 
49 21 0 0 
22 0 0 
23 0 0 
24 0 0 
25 0 0 
'Expressed as reciprocals of serum titers. 





























Table 8. Q fever antibody titers l in deer mice sUbjected to low, 
high or no whole-body x-irradiation 90 days after Intraperitoneal 
injection with Coxiella burnetli. 
Days of ter i An ima I Tota 1:.1 rrad i at ion 
_I r:r!tQ. ____ :~ __ ~ ______ fiQ_! _____ L__ 9 __ L______ 35Q C _ _62,5 __ r. __ _ 
f---_____ .~~~~_J_L-~.ompJi~~-tFJx t ng. An tJJ?_~ __ I i t ~-=-!?_~ ___ ~ _________ _ 
3 I I I' 32 r I 28 I 32 2 64 I 64 256 
3 16 128 128 
I 4 I 64 128 64 
i 5 128 64 64 6 I I 28------;------32·-------- -.' .-- --"--6-4---"- -.-
7 '64 64 16 
8 I 512 32 16 
9 I 64 128 64 
8 
~ ____ -+-__ -=-I O~_--:-__ _Q_L_ 128 ~2 __ _ 
19 I I 64 64 64 
12 32 64 64 
13 16 64 I 128 
--2-8--+----..;:-=::c~---4-- ~~-- ------i~-----(---il---- ... 
I 7 1 32 I 28 I 64 
18 ' I 28 32 I 64 
19 64! 64 I 32 
____ -+-_~20 64 J-___ 3~ __ . __ . ____ ... ___ + 128 
49 21 32! 32 64 
I 
22 64 I 64 32 
23 I 32 )1 64 64 I I 24 J 32 64 64 r.--itiaSe- ~i;.Q!IlPL~II1E1!l( ~j:iii~Tl~OciY~~ I t .!t:S- r----~; 
I I 3 16· 32 I 16 
I : 4 64 64 8 
-".t--~----~---_L----------~-4 16 
8 6 32 8 32 
7 ! 32 64 16 : 
8 \ 64 32 8 
9 ! 16 32 16 
---..---+----.:.I-=-~. t- 64 _~4 ____ ._._ _ _ ~ __ 
19 I! 16 32 32 
12 (8 32 16 
13 16 16 64 
14 32 32 64 
I 16 32 
(Continueq next page) 
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Table 8, Continu,d 
lDeys ef-terTAnlmel ---I ----- -~~_T.·Qi~.-· .l_jrr-ad i-a.t:i~n· ." ---------------~--~~~-i 
Lrr_e.q.LJ No. O_._r______ 350 r ; 625 r ___ _ 
Phase I Comp I ement£1~-9--AntL~-9cjr-JiJers (cont I dl p 
! 28 I I 6 I I 6 . 32 32 
I 17 16 64 32 I 18 i 32 16 16 
! 19 I 32 64 16 
I 49 ~r t--:!~ -----tl-----~~----- - -----~~---
1 23 16 32 32 I--__ ~~_J _______ ~~__J ___ ~~__ i ___ i~_~ 
I ___ ~hele -U:!P Ui~!"~-TUb~9B~t~"-~t!r-~~t!~cjL!lt-e!-'-- I ~ 
I 3 8 I 8 32 
I 4 16 1 32 8 
5 8 16 16 
------i------=---f---------------- -----.. --------------- -___ . ___ . __ 
6 32 8 32 8 
I 
I 
7 64 64 32 
8 128 64 32 
____ --+ __ ~_______J~: ______ l . :~: ~~ __ _ 
II 64 I 16 64 
12 16 I 128 32 
13 16· 64 128 
14 64! 64 64 
19 
___ +-__ -'-1-=--.5 ______________ §4 ___ ,. ______ .._ .t~ ___ .. ____ 64 
28 16 8 8 16 
17 8 64 64 
18 32 16 16 
19 16 32 32 
+ _____ . ____ .. ~9 . __ .. _ ..... _ 64 I 6 32 ___ . __ .. __ 
49 2:1.: 8 8 8 
22 8 64 8 
23 8 8 16 
24 8 16 16 
25 8 8 8 
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Figure 2. Q fever ant i body response in gu i nea pigs fo I I owi ng who I e-
body x-irradiation 90 days after infection. Data are pre-
sented as mean titers at each time of b',1 eed i ng. 
Controls (0 r)!----...-r--; Low X-Ray (100 r):-- ~ -; High 
X-Ray (175 r):---. 
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Phase I Complement Fixing Antibody 
Phase I Capillary Tube Agglutination Antibody 
After X-Irradiation 
Q fever antibody response in white mice fol lowing whole-
body x-irradiation 90 days after infection. Data are 
presented as meah titers at each time of bleeding. 
Controls (0 r). ; Low X-Ray (300 r):- - - --; High 
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Phase I Capillary Tube Agglutination Antibody 
49 5 
Days After X-Irradiation 
Figure 4. Q fever antibody response in deer mice fol lowing whole-
body x-irradiation 90 days after infection. Data are 
presented as rooan titers at each time of bleeding. 
Controls (0 r): Low X-Ray (350 r):- - -~; High 
X-Ray (625 r):- . 
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~ mice: A marked depression of Phase I and I I CF antibody 
titers occurred in animals receiving high doses of x-irradiation at 8 
days. By 19 days, however, the titers in this experimental group had 
risen and by the 49th day were significantly greater than titers for 
the other two groups. AI I Phase I antibody was at a low level (1:8 or 
less) by the time of irradiation. 
~~: Few broad differences could be noted in the 
groups of deer mouse sera. A trend was noted, however, for al I 
three antibody types. By 8 days after treatment, both irradiated 
groups had sl ightly lower mean titers than did the controls. This 
was reversed, however, by the 49th day, the irradiated animals having 
higher titers. 
The antibody response of the control groups of animals corres-
ponded generally with that for the same period of time reported 
previously (Sidwel" 1961). 
As pOinted out earl ier, some of the animals, particularly 
those in the high x-irradiated groups, died before time of sacrifice. 
When this occurred, the dead animals were dissected and the clotted 
heart blood was removed and placed in sterile tubes. This was al lowed 
to stand at 4-6°C overnight and then centrifuged at apprOXimately 
3,000 rpm for 20 minutes. This separated serum, although extremely 
hemolyzed, was sti I I foun~ to give good CF and agglutination results 
and was subsequently used in these stUdies. 
C. Effect ~ ~ Transmission of Co~iel la Burnetjj 
Six uninoculated control animals of each species were colored 
and placed in cages with members of each group at time o. Three 
animals were of each sex. Eight weeks after this time, al I were bled 
61 
and their sera tested for Phase I and I I CF and CTA Q fever antibody, 
to determine if any of these control animals had become infected with 
the disease agent through association with x-irradiated or control 
infected animals. 
Results are shown in Table 9. AI I control deer mouse sera 
had no detectable Q fever antibody titers, indicating the animals 
remained uninfected. Three guinea pigs with the low dose group and 
four with the high dose group had shown relatively high Phase I I 
CF antibody titers and low Phase I CF and CTA antibody titers indicat-
ing that they had become infected during contact with the inoculated 
animals. Four white mice with the low dose group and two with the 
high dose group also had simi lar titers. 
IV. EFFECTS OF CORTISONE INJECTIONS UPON LATENT COXIELLA BURNET I I 
INFECTION 
A. Effect ~ Reactiyation Qi Infect jon 
Each animal was injected ip with the same concentration 
of ~. byrnetii employed in the irradiation stUdy ('se.e:Re-
·su:t.ts·, .11·1-A). All animals were then held 90 days prior to corti-
sone treatment. Fol lowing this holding period each animal species 
was divided into three groups: Group I were controls, which were 
infected but received no cortisone; Group 2 were infected animals 
which received the low doses of cortisone (1.75 mg total in mice; 
14.0 mg total in guinea pigs); Group 3 were infected animals which 
received the high dos~of cortisone (17.5 mg total in mice; 140.0 
mg total in guinea pigs). The time of inrrial cortisone injection 
was day O. Fol lowing this time, animals were sacrificed and bled 
on days 3 (3 injections of cortisone were given), 7 (7 injections of 
Table 9. Q fever antibody response in normal control animals placed in cages 
with control and x-irradiated animals injected with Coxjel la byrnetji 90 days 
earl ier. 
--------~-------. -----------_ .. ----------". -------
Animal Group No. ~Tested CF TUe:l~at~el_=-_=L~TA----
Gu i nea pig Con t ro I 0/6 02 02 I 02 
low x ray 3/6 16-32 128-256 i 16-32 
High x ray 4/6 16-32 128-512 16-32 
--+---
Wh i te mouse Contro I 0/6 0 0 II 0 
low x ray 4/6 8-16 64-128 8-16 
H i g h x ray 2/6 8-1 6 64-1 28 I 8-1 6 
~-------~-- -.-~~.------.+--~---.-~-.. -
Control 0/6 0 0 0 
low x ray 0/6 0 0 0 
Hi 0/6 0 0 0 
I Reciprocals of antibody titers. I CF=Phase 1 complement fixing antibody; I I CF=Phase I I 
complement fixing antibody; CTA=capil lary tube agglutination antibody. 




cortisone given), 14,28,35 and 63. At each sacrifice period spleen, 
kidney, reproductive tract (testes or ovaries and uterus), I iver, urine, 
feces and blood were removed from each animal and the presence of ~. 
~urnetii determined. Serum from each animal was tested for Q fever anti-
body using Phase I and I I CF and CTA antigens. Results are indicated 
for individual guinea pigs, white mice arid deer mice in Tables. la, II 
and 12, respectively. 
Guinea~: Control guinea pigs contained infectious quant-
ities of ~. byrnet;; in renal tissue through 153 days, which was the 
end of the experiment. One spleen at 93 days and a I iver at 104 days 
were also infected. Guinea pigs injected with the low doses of corti-
sone contained rickettsiae in spleen kidneys, a female reproductive 
tract, I iver and urine. Compared with control guinea pigs, approx-
imately three times as many animals contained infected tissue, indic-
ating a "reactivation", or a spread of the organism from a single organ 
to other organs. This reactivation occurred primarily 7 to 35 days after 
initiation of cortisone treatment. The high dosages of cortisone ind-
uced reactivation in guinea pigs to a greater extent than the low dos-
ages. Often an animal contained detectable~. byrnetii in three and 
four of the examined organs. Both male and female reproductive tracts 
were infected in this group. A rickettsemia was demonstrated in a 
blood sample. Seven guinea pigs injected with cortisone died. 
White~: Control white mice reproductive tracts (male and 
fema e) conta i ned demonstrab I e ~. byrnet i i 90, 97, 104 and 125 days 
after initial infection. One non-treated mouse had infected kidneys 
and reproductive tract at 125 days after infection. Injections of the low 
concentrations of cortisone caused a sl ight increase in number of 
Table 10. Presence of Coxjel la burnetij in guinea pigs fol lowing injections with 
low or high dosages of cortisone or in controls, 90 days after infection. 
-. -------.-1 <------<-<-< .. ~-<-. ________ C(.'>.Ot~QI3i-tQ<Jng. cort i~sone) ------- -------< 1--~~}~;<~-N().fL--~~--~~~~ J' __ J -~_.~ 10 LLJ~_.I2.~I~T(tJf{b2~oi.~I.·2.? __ ?~24 .. 2~j?6-2?~~·29 30 
I An 'ma I Sex c/I ~ __ !f. -£.. __ ~ __ r!: d' .2 ~ ci..._ cf .£ -2 <!1:- _d' cJ' .L_!f-_!f,,-_d' _ c! ~_~ cf -<~-~-:£'--.!f. 
Spleen ** + I 





B lQQd_ _ ___ ._ 
+ 
* * 
~~~~m=~~~ ··-~-~~-~··~~~-?f}~_f~,;:~I~n~(:~~i~~'-;-' i~?~ -ii1~2i ~l~; ~-~t~ 3~ 
Kidney + + + 
Rep. Tract + 
Liver + + + 
Urine + 
Feces ! * * I 
__ Blood ! -
+ 
+ 
___ <_--Hlg,q Cortisone ( l4Q ... Q~<mgl .u __ •• _____ ,-_____ < __________ .. _ .. ___ ._. _._ .. 
An~:~ I ~~-h·-2--; 4 --5 -6--7 8 9 10 .1.1.1.2 : 3 J 'LI2~§ 1:7 _f:_~J.~'?O ~L 2_2.._;;24 25126 J7-· ~~-2930 
« An ima_' Se~_ .. ~«d'· __ ._d'_.~ -5f-_,£,'r-cf cI ~_..g,.__ d'. d" '?_~_£~_~ _ if -£.-~_~ c:f' cf~ __ ~ 4t d' 0' d"' -SL 4?-! 
Sp I een 1 ** + + + + I +; + + . 
Kidney I + + + + + + r + + I + + 
Rep. Tract I I + + I + + 
Liver l + + + I' + I + + I + + 
Urine 1 + I ! ;~:~ * +1 I * .J __ 
* Indicator guinea pigs died before time of bleeding. Others reinjected, also died. 
** Space indicates rickettsiae were not demonstrated in tissue. 




Table I I. Presence of Coxjel la byrnetji in white mice fol lowing injections with 
low or high dosages of cortisone or in controls, 90 days after infections 
Controls (0 mQ cortisone 
Time' 7 -+----~-----4-----~~----~--~=-----~---
An i rna I No • I 2 3 4 5 6 7 8 9 I 0 I I I 2 







J3l.Q.Q.d..-.._~_ .. ,. 




Animal N9 . .!.I. ~_ ._3 __ A ___ . 5_9 .. 7 8 9 30_ 
--'Timel_~ , 3 










S.LooeL. _L- .-___ . _______ .---'~_. __ * + 
+ 
+ + 
.+ + + 
* * + 
! Time l I 3 63 
An i rna I No • I 2 3 4 5 16 I 7 I 8 I 9 20 21 22 23 24 25 
.. _. __ . _____ .. _m___ -., I ---"--1 
An i m~><.f!' 0' ~_ 0' cf cf' d_Lrl._~ .. __ Sf- _ "---___ 0:. d' Sf. ~ 
Sp leen + + + 
Kidney + + 
Rep. Tract + + + + 







I Feces * +._ 11 * I * * J-Blood _ + 1 ~f Indicator guinea pigs died before }Tme"ofbleeding-.~O;;-;t--;-h-e-r-s-r-e-·'-'n--'j'-e-c+-e""d-,-a--'I'--sOdle'. '--
~~ Space indicates rickettsiae were not demonstrated in tissue. 
I Expressed as days after irradiation 
0'1 
\J1 
Table 12. Presence of Coxjet la byrnet;i from deer mice fol lowing injections 
with low or high doses of cortisone or in controls, 90 days after infection. 
Controls (0 mg cortisone 
Time I 8 14 35 63 
An i rna I No. I 8 9 I 0 H I 2 1 3 I 4 I 5 1 9 20 21 22 23 24 25 26 27 28 29 30 








-., ______ .....L..._ 
T ____________ ~-------.~L.-O-w-C~0-r-t-js-o~n~e--(-I.~7-5_rm~)--~----~----~~---~---.---__ ~.-----
Time r - 14 I 
An i rna I No. I 2 3 9 1 0 I I I 2 I 3 14 I 5 I 6 I 7 1 8 '-9 20 1,2'1' 22 23 24 25 26 27 28 29~() 







r ' .. -. --- - .J:LL9.h Cort i sone (17.5 mg 
K •• "' 
~ __ -.Tlme! .. _ .J ,, ___ .. __ , __ .3.-_. _____ ~ ... ~--~-.§---~-~,----!"1- .. »__ _, __ .~_. ..' l~_-__ . __ ,L---~~.-,."~~"_ _ .~3 . 
An i rna I No • I 2 3 4 5! 6 7 8 9 I 0 1 1 I 2 I 3 I 4 15 I 6 I 7 I 8 19 20 :21 22 23 24 25 .26 27 28 29 30 
Animal S~x 0' d' d' £.~ " d' S £ ~ d' d' ~ .Q _~ _ _ cL-_c!'._i~~ .. ~ L.t:!urr ~--4"-iJ.c( 0' ~ --Ji-
Spleen I 
Kidney I 
Rep. Tract : 
Liver j 
Urine I 'I 
Feces : * I 
Blood ! ; 
~ Indicator guinea pigs died before time of bleeding. Others reinjected, also died. 
I Space indicates rickettsiae were not demonstrated in tissue. 




infected white mouse organs. Approximately one animal of five 
at each sacrifice period contained~. byrnetij in m~re than one 
organ, the principle viscera being male reproductive tract, splenic, 
hepatic and renal tissue. A rickettsemia was demonstrated on day 7 
in a single animal receiving low amounts of cortisone. Injections 
of high cortisone dosages resulted in more reactivation of infection, 
one to three white mice in each sacrifice group containing infected 
tissue. The involved organs were the same as for the low dosage an-
imals, although one urine sample and one fecal material specimen 
were also infective at day 3 and 7, respectively. A blood sample 
from a mouse receiving the high dosag~of cortisone was infective on 
day 7 also. Twenty one of 50 white mice died following the high dosage 
cortisone injections, and by day 63 there were none remaining that 
could be tested. A total of eight of 50 white mice died in the low 
dosage group. 
~~: Coxjel la byrnetii could not be demonstrated in 
deer mouse tissue in any of the three groups of animals and no spleno-
mega I y was observed upon au topsy. i~o deaths occurred fo I I owi ng cort .... 
isone injection. 
As occurred in the x-irradiation experiment, indicator guinea 
pigs often died fol lowing injection of urine or feces. If reinjection 
of the same material also resulted in the death of an indicator animal, 
no further injections were attempted, because of insufficient test 
mater i a I . 
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B. Effect ~ Q [ever Antibody Reseonse 
Serum from each test animal in the reactivation experiment 
employing cortisone was tested for Phase and I I CF and Phase I 
eTA Q fever antibody. The antibody titers of each animal are indicated 
in Tables 13, 14 and 15 for guinea pigs, wtlite mice and deer mice, 
respectively. Graphical presentations of the mean titers at each 
time tested are shown in Figures 5, 6 and 7. 
GYinea~: Afl1(!)ng the cortisone-treated animals the serum 
titers of Phase I and II CF'ant'i body rose si'gn i fi cant I y compared to 
control animal'Sera·c·by the third day after treatment init iat ion. By 
day 7 the control sera titers' had risen approximately to the same 
level as those of the tr~ated animals, and no further marked differ-
ences were noted exce-p't· at day ·35, when, s·er·a from guinea pigs receiving 
the high cort i sone dos·:ages· .. ·e-xh· ib i ted a drop in Phase I and I I CF 
titers. Only sl ight titer differences were noted at the experiment 
termination at 63 days. No gross variations could be seen among the 
CTA antibody titers,w'ith the exception of the third day, when there 
was sl ight drop in titer in" sera from cortisone-treated animals. 
White~: Antibody titers in sera from white mice varied 
erratically between the three-groups. The most significant trend 
noted was a rapid drop' in detectable CF titers in the cortisone-treated 
groups. Little CTA antibody titer variation could be demonstrated. 
AI I the high dose cortisone-treated white mice died prior to the 63 day 
bleeding period. 
Deer~: A decrease in Phase I CF antibody occurred in the 
sera from deer mice treated with the high doses of cortisone. This 
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I Table 13. Q fever antibody titers in guinea pigs fol lowing 
injections with low or high doses of cortisone or in controls, 
90 days after intraperitoneal injection with Coxtel la byrnettI. 
I Days after
2
IAnimai ~_ To.til Cor~;~~I-----<----
treatment I . No_._~ 0 mg.-r- 14.0 mQ.. ___ 1.4Q~.0 m.._._--t 
I--___ --=-P..!.!hr-a.~e=--..!I....!.I_.:Com I emelJ_t_£t~iD..9.-An tJ bodLIJ~ ___ . __ " .. __ . 
3 1 32 128 1024 
2 64 128 1024 
3 ~ I~ ~ 
4 64 128 256 
5 32 64 512 
7 ---6--"- -. 6~f- 512 
7 512 512 128 
8 128 128 128 
9 64 128 256 
.... --.-<-..... < ... " ... --<--.. <1--.-.< .. --<- 10 64 ... _____ 2.1 2.<._. 
14 II 128 32 128 
12 64 128 64 
13 64 128 64 
14 64 128 128 
128 64 128 
.--_ ... _--.. -...... < .. <-< ...... __ ... _-
28 16 64 32 32 
17 128 64 32 
18 64 64 64 
19 32 128 128 
_-_~ __ f--__ 2-0 __ .-+__--~L-.-_.~.-- .. _.-_.- .. -§~t ... -.,-< ' ... J54-
21 16 32 128 35 
22 128 32 16 
23 32 256 03 
24 64 256 0 
25 64 64 64 
~-.------+.--.---.-..... < .. ---<--<-,<-< 
3 
26 I 28 256 1 28 
27 32 256 16 
28 128 16 64 
29 I 28 64 i 128 
Phase I Co 1 ement'£1~.i!9.- AnJ j boctY_.ILt~r~ 
I 32 I 256 
2 64 128 
3 03 128 
4 64 128 
5 J,~ 32 
6 128 32 
7 256 256 
8 32 128 
















1 64 64 
12 32 64 
13 32 64 
14 0 64 
I 5 I 6 32..:....-_ 
----fcOrlITnued";··-next p·age f--
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Table 13, Continued 
Days After I Animal Total Cortison~er Anima,.I _______ -t 
Treetment2 No. 0 mg 14.0 mg-- I 140"-Q~mg.,,"_._ 
Phase I ':omD I emant F Lxln.9._~!"It i bo~ Titers (con)' d L .. _____ . _____ ." .. __ .... _._ 
28 16 64 64 32 
17 32 64 16 
18 32 32 32 
19 8 128 8 
____ --+ .... _ .. __ 20 16 64 16 
35 21 128 32 32 
22 64 32 16 
I ~~ I 3~ I~~ g 
----.~L_2~_.-._-t-.--.... -.-I~.--.. --.-"-. 64 ._. __ . ___ ".~~ ... _. __ 
, 26 i 256 I 28 I 28 63 
27 16 128 32 
28 32 0 32 
29 128 32 64 
30 64 16 64 
Phase I Capil laryTube Agglutination Antibody Titers 
3 I 16 i 16 0 
2 16 32 0 
3 16 0 32 
4 16 16 16 
__ ._._._ .... __ ~~_ ..... ~._._ ~2. ""." ~. __ .2 __ . __ +-_. _____ 8___ _ 
7 6 32 0 32 
7 64 64 16 
8 16 16 16 
9 16 32 32 
10 16 16L6 
14 II 16 16 16 
12 16 32 16 
13 16 32 32 
J 14 0 16 16 
____ ._I---- ..... ~_.::..I. 5~ ___ +_. ___ .....2L--.--_+_---=--:16=-----_+___-.----'3:::..::2=-... - .. ~ .... 
28 16 32 32 16 
17 16 16 32 
18 16 64 64 
19 32 64 32 
.. __ ~-___ +-_.--,2=O"..-. __ ............ -.... . ... LQ._ .. _____ e--. ____ "'-32=---_._--+-___ .... __ .=3_2~ ____ _ 
35 2t~ 32 32 64 
22 I' 64 64 32 
23 64 64 32 
~; i 1~_ ~: ~~ 
26 64 64 64 
27 32 64 16 
I ~~ I ~: i ~ ~! 
63 
~. _.....,_ I 30 32' 16 16 
I Expressedes-r:'ecTp-roca Is of'''seru-m-tlters -----------.-l-.--_ ... --. 
2Beginnlng with the initial injection of cortisone 
30 indicates a serum titer of less than 1:8 
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Table 14. Q fever antibody titersl in white mice fol lowing 
injections with low or high doses of cortisone or in controls, 
90 days after intraperitoneal injection with Coxlel 10 byrnet;i. 
Days after Animal Total Cortisone per Animol ____ . ___ .. _ 
1 ___ t~r~e~0~t~me~n~t~2~ __ ~N=O~. ____ ~ __ 0~m~IQ~ _____ I ___ '~.~7~5_m~IQ~ __ '~I ____ ~11~5 ~ ___ 
Phase I I Comn I ,::~mAnt F htl nn Ant i hnt'iv T i tArs 
-I 16 64 03 3 
2 16 32 0 
3 16 643 




_____ ~.........f-____ .....:5:::...........". __ "._ ...... _"~~ ...... -. ~2. ... ,.f-"" .. 16 ".-~-~---t--'·-·---=-----I 
6 e 32 0 
7 8 16 tE-
8 03 0 O 
9 16 0 0 
0 1 _____ -+ __ -=-1..=.0 ___ -+--___ 11._.___ 8 __ . ____ -+-______ ._ 
14 II 8 0 32 
12 8 0 
* 13 16 0 16 
14 16 it- 0 
15 16 0 
. -- * 
28 16 16 0 
* 17 16 16 it-
18 8 16 16 
19 32 8 0 
0 
_.' ~ 
0 --·---3--5----~---·~~~-.. -~_+·-··~--3;;:..;;~:;;;.----+-------~g-.---.--............. ----=---
22 I 0 0 0 
23 i 0 0 8 
24 16 * 0 
25 32 it- . ___ .. _____ .. ~_ .. _. 
----:6:-:"3---+-----2::--6··------···--···---····8···· 0 it- ..... 
27 32 it- * 
28 16 it- * 
29 128 0 * 
30 16 0 .. -1 ._ •••.•• __ ._._?~. __ .. __ . __ _ 
Phase I Complement Fi~ing Antibody Titers ........ m ••• _ .. __ ••• __ _ 
3 r 0 64 0 
2 32 64 0 
3 0 32 0 
4 32 0 0 
5 16 16 0 
7 6 0 64 0 
7 0 16 * 
880 0 
9 32 0 0 
10 16 8 0 
II 0 0 32 
12 0 0 it-
I'-____ --:..-__ :_~ ____ ' ____ I L-L~ 1 ~ __________ 1 ______ .  





Table 14, Continued 
Days After An ima I 
! 
Total Cortisone ger Animal 
Ti Hl!!I'&'HlHillt 2 No...L....- o 1119.----L--.-L!!].~-I1l9.. I 
Phase I Complement Fixing Antibody Titers (con¥d) 
28 16 0 0 
17 0 0 
18 8 8 
19 16 8 
.. _4Q .... 
-.. -,.~ 1_- 16 .--.. -~."-.-~~~~-- Q . -.. ,._---
35 21 0 0 
22 0 0 
23 0 0 
24 32 
* --.~~-.-....... - 16 * i --... ,. - .. " .".-63 26 16 0 
27 8 
* 28 16 -)~ 
29 16 0 
30 8 Q 
Phase I Cap III ary Tube Agg I ut i nat i on Ant i body Ti ters 
3 I 0 16 
2 0 0 
3 0 16 
4 16 0 
--_._--_ ........ _,- 5 ,. 
-.. 
0 a 
7 6 0 0 
7 0 0 
8 8 0 
9 0 0 
10 0 0 •. 
14 II 0 0 
12 8 0 
13 0 0 
14 16 -)~ 
15 0 0 
_W"_ 
~~, _______ ~b 
~,"." ._.-. 
28 16 0 0 
17 0 8 
18 0 16 
19 8 16 
~Q. L6 J) 
35 21 16 32 
22 16 16 
23 32 32 
24 16 -)f-
----.~;; 8 -)E-
63 26 8 16 
27 8 -)E-
28 16 '::-)E-
29 8 32 
30 16 16 
-----_ ... --......-... --.. -._ .•. 
IExpressed as reciprocals of serum titer~ 
2Seg inning with the initial injection of cortisone 
30 indicates a serum titer of less than 1:8 











































Table 15. Q fever antibody titersl in deer mice fol lowing 
injections with low or high doses of cortisone or in controls 
90 days after intraperitoneal injection with C9xiel 18 burnetii. 
Days after I An imal I Tota I corrr sone Rir An lma l 
Treatment2 : __ ._~9,~ __ .C_~_!!IA._~~~..... .1 • 72_"!9._~ __ .. 1_~!1.:E~9 ___ ~_ 
1----::--'-' . ___ ::Pb ~se LL~ GQrnp I e_~rtf. f i ~l~g' Af1't i body; 'T i t~r~~ .. __ . __ . __ ._. _______ ~_~_ .. _ 
3 I 128 128 64 
2 256 64 64 
3 128 64 128 
4 32 64 64 
5 ._._ .. _._§.~_._._._. ___ .. 64 ..... 64 
7 6 32 128 16 
7 64 32 16 
8 64 64 64 
9 64 128 64 
------l---~-.:...1 O.=---_-+ ______ .J?4.. . ____ .. _. ___ J..~8 .... _. __ . __ . __ .. 32 _. __ .... 
14 II 64 128 64 
12 64 64 32 
13 32 64 16 
14 64 64 64 
1 5 32 .~._~.~2 
28 16 64 128 64 
17 32 64 32 
18 32 64 32 
19 64 128 16 
~ ~ M __ ~ 
35 21 16 256 16 
22 32 64 64 
23 64 128 64 
24 32 64 16 
__ .. __ ._. __ .~ __ ,!!!2~~;5 ___ ...j........... __ ._. ___ ~.~ .. _... ______ 128 32 
63 26 16 128 32 
27 32 16 16 
28 32 16 8 
~ 8 ~ ~ 
30 16 64 \ 16 
3 
Phase I Complement Fixing AntibodyTiters ____ ---;~--.- ____ .-+ 
I 64' 32 32 
2 64 32 64 
3 64 64 128 
4 32 64 32 
.. __ ~. __ . __ -+-. ___ ._ . .:5::. __ _+_---......;;...64---- ___ .. __ ... ~.~ ____ . __ .. __ ........... ____ .. __ ._ 64 
7 6 32 128 16 
7 64 16 8 
8 64 64 16 
9 64 64 32 
1 0 ______ ... ___ ~~ __ ~~_. I 6 ... ___ . 
14 II 64 128 16 
12 32 64 32 
13 16 64 16 
14 32 32 32 
__ ' __ L.~. ____ .~._ .. ____ ._ .. ~~___ 6~ _______ ._.:3~_. 
I 16 64 128 32 
I 7._ ... __ . ___ . 32 . ____ .. 94 ..... ___ ~_. _______ 32-__ l 
(Continued, next pagel 
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Table 15, Continued 
r-----------_.-----------------.-.-.---<> -.-~--
Days after I Animal Total Cortisone per Animal 
Treatment2 No. 0 mg I 1.75 mg I 17.5 ~~ __ 
Phase IComp lement Fixing Antibody Titers Jcont I_~_) ----r------
28 18 16 64 16 
19 32 64 8 
_ ._-+ .............. _ .. _.-"'2""""'0 _____ .--+ ___ ... __ .. _ ... ___ ~3~ .... 2~. ______ .. --1 .. _ .. ______ .. _ ... 64 , 6 
3' 21 32 256 0 35 
22 32 64 0 
23 32 256 64·: ii --ii-------l - ~r----I ~'-_--I 63 
28 16 16 I 0 
29 16 32 16" 
30 16 16 ' _,_ .. _8 ____ _ 
Phase I Cap t I I aryTube Agg I ut i nat ton Ant i body Titers . ___ .. ________ _ 
3 j ~ ~~I I ~ I I ~ 
I 3 16 16 I 16 
j 4 16 I 16 i 0 
---7--1--1 --.-~-- ,. J~3 .. "-·--.. -"+·-··--·----I~· -~t--·.: 0 
" .. __ . _____ -+-. __ I! :L __ .J _____ l..J 
14 II 0 16' 0 
12 0 0 0 
13 0 0 0 
14 8 0 0 
____ .... ____ ..... ___ .----1--_ 15 8 _____ 8 ... 8 
28 16 0 8 8, 
,17 16 16 0 
I 
18 0 16 8 
19 0 0 0 
-----.. 35 -." -----r
l .----~ •.. - i~. I ~~.. l~ 
1 24 16 16 16 
63 : ~~ 7~ - ~~'"'.-,,---.---.,... : 
27 8 16 8 
28 8 8 0 I 
I .' ~~- I ~ :~ __ J ___ I~._j Expressed as reciprocals of serum titers. 
2Seg inning with the initial injection of cortisone. 
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Phase I Complement Fixing Antibody 
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Phase I Capillary Tube Agglutination Antibody 
14 21 28 35 42 49 56 
Days After Initial Cortisone Injection 
63 
Figure 5. Q fever antibody response in guinea pigs fol lowing cortisone InJ-
ection 90 days after initial infection. Data are presented as 
mean titers at each time of bleeding. 
Controls (0 mg cart isone): ; Low Cort isone (14.0 mg):- - - -j 




















to 4 0 
0 













Phase I I Complement Fixing Antibody 
/'-.<, ...... 
...... \ / ......... ... , , .-......... ' 
\ I"~ -~~ 
__ I ... , _______ _ 
Phase I Complement Fixing Antibody 
" 
' " 
Phase I Capillary Tube Agglutination Antibody 
-- ... _----
------- ... -
3 7 I 4 21 28 35 42 49 56 63 
Days After Initial Cortisone Injection 
Figure 6. Q fever antibody response in white mice fol lowIng cortisone 
injection 90 days after initial infection. Data are presented 
as mean titers at each time of bleeding_ 
Controls (Omg_ cortisone): ; Low Cortisone (1_75mg):-~ __ ; 
High Cortfsone (17.5 mg):-- ---. 
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Phase I I Complement Fixing Antibody 









- --- -- --








Capillary Tube Agglutination Antibody 
3 7 I 4 21 28 35 42 49 56 63 
Days After Initial Cortisone Injection 
Figure 7. Q fever antibody response in deer mice fol lowing cortisone inj-
ection 90 days after initial infection. Data are presented as 
mean titers at each time of bleeding. 
Controls (0 mg. cort isone): ; Low Cort isone (1.75 mg):- - - --; 
High Cort isone (17.5 mgl:- --; 
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decrease was seen by day 7, and was maintained the length of the 
experiment. No other meaningful variations occurred. 
C. Effect ~ ~ Transmission 2i Coxjel la burnet;i 
Transm i ss ion 0 f ~. byrnet j i was demons trated ina manner' 
analogous to that described in the irradiation experiments (Results, 
I I I ~ C). Results summarized in Table 16 show the titer range of 
the uninfected control animals placed with the cortisone-treated 
and non-treated infected anim~ls. Two of si~ guinea pigs became 
infected through aS$ociation with the low dosage cortisone group, 
and five of six became infected through association with the high 
dosage group. Among white mice, four of six controls became infected 
through association with the high dosage cortisone injected group. 
None became infected with low dosage group. AI I uninfected animals 
placed with non-treated infected animals remained uninfected, as 
determined by antibody response. AI I deer mice I ikewise remained 
uninfected. 
v. EFFECT OF PARTURITION UPON LATENT COXIELLA BURNET I I INFECTION 
White mice and guinea pigs were injected ip with the same 
concentration of ~. byrneti; used for x-irradiation and cortisone 
studies (Materials and Methods, V-C). Forty-five days after infection, 
the sexes, previously kept separate, were al lowed to intermingle. 
Animals becoming pregnant were isolated and held until birth of young. 
The offspring borne from the infected parents were sacrificed at 
varying times up to 20 days after birth. The maternal parents were 
sacrificed at the sacrifice time of the oldest progeny. Lung, liver, 
kidney, spleen, reproductive tract, blood, urine and feces were re-
moved when possible from al I sacrificed animals, and presence of 
Table 16. Q fever antibody response in normal control animals placed in 
cages with control and cortisone injected animals infected with Coxjel la 
burnetii 90 days earl ier. 
No. ~. Tested I Titer Ral1.9.f?_ .. _,.-_________ _ Animal Group 
Guinea pig Control 
Low cart. 
High cort. 
White mouse Control 
Low cort. 
High cart. 
Deer mouse Control 
Low cart. 
High cort. 
I CF II CF 










0/6 0 0 
0/6 0 0 
4/6 16-32 128-256 
. ----{-_ .. _---_.- .. ------~--+.-- ----.-- --.-
0/6 0 0 
0/6 0 0 
0/6 0 0 
CTA 











'Reciprocals of antibody titers. I CF=Phase I compJement fixing antibody; II CF=Phase I I 
complement fixing antibody; CTA=Phase I capillary tube agglutination antibody. 




~. burnetii determined by guinea pig injection~ Individual tissues from 
the parent animals were tested since a spread of the rickettsiae 
to other organs was to be stUdied. Offspring tissue was pooled for 
each individual animal. Sera from al I animals were tested for Q 
fever antibody using the Phase I and I I CF and Phase I CTA antigens. 
GYinea~: Results are presented in Table 17. Ten 
guinea pigs became pregnant during the experiment and four of these 
gave birth to a total of seven partus containing infectious quan-
titites of ~. burnet;i in their tissue. In every maternal parent of 
these rickettsiae-containing offspring a spread of the Q fever 
organiSms to several organs oc~urred. The viscera involved in this 
spread included spleen, kidneys, I iver, lung, reproductive tract and 
mammary glands. Urine and feces also contained ~. byrnetii in one of 
the parents, and a rickettsemia ~s demonstrated in two of the 
parent animals. Individual tissues were not investigated in the 
young guinea pigs, since the tissue and other material, was pooled 
for each animal. In five of the seven positive progeny the tissue 
pools induced Q fever Phase I I CF antibody titers of greater than 
I :256 in the sera of the indicator guinea pigs. Antibody titers in-
creased one to two tube dilutions in al I the formerly pregnant 
animals, as compared to infected non-pregnant controls during the 
same periods of time. Nearly every partus displayed relatively high 
antibody titers to~. byrnetii, but always in lower levels than 
observed in the parents. The antibody titers varied inversely with 
the age of the young animals. 
Table 17. Effect of -parturition u-pon reactivation of Coxiella byrnetil infection in 
guinea pigs. 
Maternal Parent _____ J)LL~r Lng . 1--=-' ~:~--. --1 
Days after I Infected Age AntU)j?dy_!iJer?. Tlssue .... 
__ N9!__l_jnfe~~ ipn .... _JisSI,l~I... (da 8 sl II I;~ LC~ Ci}- _. lltf.eclMJ.t¥3 Animal 
89 K 512 I~L 8 256 16 J6 I 
93 3 128 64 32 0 
93 3 64 32 16 0 
1 __ -=-_-+_. ____ . ___ . __ 1 .LQ ___ .u__ ._~____ __ 3~___ __ 16 I _8_+--_. _____________ .. _ 
:~~ ~ ~ ~ ;uB _____ l _______ I~! ._3~ J:- ~~ __ .J 
: ~~ ---~ I ~i __ 6~p__ O! 
5 I 31 K 8 32 8! . 
1 27 I 256 1 28 -: 32 64 I 
6 134 S L ! 0> 
7 I S L -R M B 64 16. 8 I 
8 134------ 2 i 12 128 I I~ -2!}r!~·-t·~~ -g. I 
9 138 ~--·------~I !5_L2_.+_12.§. ___ .32 .. t l--;-H--J~-r· j~ 25~·· 
R 128! 64- 16 II 21 16 1 8. 256 
';-:--S--=--s-p--I e-e-n-;----L--=':'··-I'--:-j-v--e--r-,----'-L··u-=-I-u..c...n-'-g·_=;- R-;;;r-e-p~-du-ctiV;-t-ract;-K~k idney;--F;f-eces; U~ur i ne; B=b I ood; M:::marrmary 
glandsj -=no infected tissue detected. 
2 Reciprocals of Q fever antibody titers. I I CF=Phase I I complement fixing antibody; I CF=Phase I 
complement fixing antibody; CTA=Phase I capillary tube agglutination antIbody. 
3 Reciprocals of antibody titers induced by offspring tissue injected into indicator guinea pigs. 
40 indicates a titer of less than 1:8. 
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White~: Results are indicated in Table lB. Of eight 
parent ITlice investigated, two gave birth to progeny which may have had 
infected tissues. Parent number I had a litter of five mice. These 
were sacrificed at ages from I day to 20 days. Of the five, only one, 
which was sacrificed when 20 days old, induced Q fever antibody in 
an indicator guinea pig. This induced antibody was comparatively 
low (1:32). Parent number 5 gave birth to a I itter of seven mice, 
which were sacrificed at ages I day to 12 days. Two I-day old mice 
and one of three 5-day old mice were considered to have infectious 
tissue, inciting titers of 1:16, 1:32 and I:B respectively in the 
indicator guinea pigs. Both parents of ~. byrnetii-infected partus 
qontalned the rickettsiae in several organs. These organs were 
spleen, kidneys, liver and reproductive tract. One other parent 
contained the Q fever organism in the reproductive tract. One other 
parent contained the Q fever organism in the reproductive tract and 
in feces, while a fourth previously pregnant white mouse had an 
infected I iver. No significant change occurred in Q fever antibody 
titer in the sera of any parent mice, and no progeny contained de-
monstrable antibody titers in their sera. 
VI. SECONDARY ANTIBODY RESPONSE 
To attempt. to clarify the meaning of the Q fever antibody 
titers demonstrated in the reactivation experiments, 16 guinea pigs 
were injected ip with the same amount of ~. byrnetii used earl fer for 
the reactivation experiments. Ninety days after infection these 
animals were bled from the orbital sinus and their sera tested for 
antibody titers to the three antigens employed. After bleeding, each 
Table 18. Effect of parturition upon reactivation of Coxjel la burnetii infection 




Days after 1 1 nfected ~t i b~dy T (ti~~~~~~~--
i n!_~~~~~_~. ______ ._ ... !.!SS_~~.~ .. __ .: J'!_~~_ i~-~~--j CTA 
Offspring 
Antibody Titer2 I 
I I CF I I CF I CTA"---
Tissue 
!. n f e c t i ~_~!. y.3 (days~ 
8 I i I I 04 04 04 04 
81 I I 0 0 0 0 
85 I 5 0 0 0 0 
89 ! I 8 0 0 0 0 
I lOS L R K I 64 04 0 20 I 0 0 0 0 
------.----89--- ---.--.... -.. -.-----.---. r '-2--T~'0 0 0 --6 
89 I 2 0 0 0 0 
89 2 0 0 0 0 
103 I 15 0 0 0 0 
I 03 I I I 5 0 0 0 0 
I 03 L ....! .. 128 . I 0.. I 0 1 5 : 0 . 0 . 0 .. 0 103 ----.----- ----;----"---"':-'1--- ----i·---~·----O-- --6 .. _. "0-"- . -"-'C)'-
110 ! I 7 0 0 0 l 0 
: : g R F 0 I 0 I 0_ - __ } ____ L ___ ~ - -g- - --~--)------. -----g-.-
110 i I 2 0 0 0 0 
119 I I ! 11 0 0 0 0 
I 28 i I I 20 0 0 ~ 0 0 
-tft----- ---------~ -1-0 -1-0 ··1r~:- - -. g --g -r-g- ~~ 
I 23 I I,. 5 0 o! 0 0 
123 '5 0 0 0 0 





130 i 12 0 0 0 0 
I 30 S K L I 28 I 6 0 I I 2 0 0 0 0 
(Continued, next page) 
OJ 
\J.I 
Table 18, Continued 
_____ .. _. ____ Ma __ t~~v~~_~arent Offsprin~--~--
ima I D~~:e~t ~~~ II ~~:~~:1_lcl:~:)-I~_lrlf-:::d-t~[k!I~-(TA-=-LI)J!~i~~~ty~ 
123 I 0 j 0 0 0 
I 23 I I I O! 0 0 0 
130 8 o! 0 i 0 0 
-_ .. _-_._. __ ..... ::_. 33:O;_:~ 04 0 o.··--l --l- ·~-rl- -g--~-g g 
130 I O. 0 i 0 0 
s_____ I o.f-- 0/. ___ 0 ____ +-______ .... __ . __ .. _ .. _. 
132 I 0 lOr 0 0 
136 16 0 0 5 0 0; o! 0 
I S=spleen; L=I iver; R=reproductive tract; K=kidney; F=fecesi -=no infected tissue detected 
2 Reciprocals of Q fever antibody titers. I I CF=Phase I I complement fixing antibodYi i CF= 
Phase I complement fixing antibody; CTA=Phase I capillary tube agglutination antibody 
3 Reciprocals of antibody titers induced by offspring tissue injected into indicator guinea pigs. 




animal was reinjected ip with the same quantity of ~. byrnetii used 
earlier. Four of the guinea pigs were inoculated ip, four sc in the 
inguinal region and four intravenously (iv) by cardiac puncture. Four 
were not reinfected, and served as controls. Each animal was then 
bled at day 3,7, 14,21,28,35 and 56 after time of reinjection, 
the method of bleeding being again from the orbital sinus. The Q 
fever antibody titers in each serum sample were then determined. 
The individual Q fever antibody titers of each guinea pig 
serum sample are I fsted in Tables 19, 20 and 21 for animals injected ip, 
sc and iv respectively 90 days after original infection. Table 22 
indicates titers of control animals which were not reinfected. The 
mean titers are graphically summarized in Figure 8. 
Following the second injection of ~. byrnet; i, the mean 
titers of the sera from many animals exhibited a sl ight decrease 
(ca. one tube dilution) in Q fever antibody titer to al I three antigens 
employed. This was succeeded by a raise of one to two tube dilutions 
above the original by 7 to 14 days fol lowing the second injection. 
The titers gradually dropped to, or sl ightly below, the level of the 
original titers, at times varying according to route of injection. 
No titer variations occurred greater than two tube di lutions from 
the non-secondarily infected controls. 
One of the iv injected guinea pigs died at 7 days, and two 
of the remaining three died by 56 days, so the antibody response re-
sults are I imited in regards to this route of secondary injection. 
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Table 19. Q fever antibody titersl in guinea pigs injected intra-
peritoneally with Coxtel la buro§t;i 90 days after initial infection. 
i 
Days after I 
---- ~.--
Animal t~ymbJ;~r_ 






Phase II Complement Fixing Antibody Titer s 
0 64 1 64 128 3 64 64 128 7 32 64 128 14 64 I 64 256 




64 I 32 256 35 64 I 16 256 I 










Phase I Complement Fixing AntibC?d~ Ti ters 
32 16 6 o 4 
3 16 128 
7 16 32 
14 16 64 
21 32 128 
28 32 64 
35 16 128 
~ __ ~5~6~ _________ ~ ____ ~ ____ ~1~6 ___________ ~32 

















,-...;----~---------- ~- - -- ----- -------
Reciprocals of serum titers. 












Table 20. Q fever antibody titersl in guinea pigs injected subcu-
taneously with Coxjel la burnetjj 90 days after initial infection. 




~ I :~r- r-- I~~ ~~~! I~: 
I 4 . I I 28 I 64 256 I 28 
21 64 64 128 64 
28 II 32 32 128 64 
35 32 16 128 * 
! 2 32 __ --_____ ..22"----_____ -----1 
_______ Pha~e 1 Complement Fixing Antibody Titers 
o -:- ~--~----32------ I 32 16 
3 \ 32 I 6 I 28 I 6 
7 32 16 128 16 
14 32 32 128 16 
21 32 32 32 16 
28 _ I 6 I 6 32 I 6 _ 
35 I I 6 1 6 64 * I 
1 ___ --.-5_ : --Phas-;~-CaP:! I ary Tibe A99 ~~ t i ~~~i~i'!LI i t~~-:------~ 
3 , 6 1 6 I 32 I I 6 ' 
7 32 16 32 I 16 
14 32 16 32 32 
2 1 32 32 32 I 1 6 
28 16 16 32 16 ~ 
3!) 8 32 32 I * 
56 16 16 16 __ _ 
Reciprocals of serum titers. 





Table 21. Q fever antibody titersl in guinea pigs injected intra-
venously with Coxjel la burnetij 90 days after initial infection. 
after Animal ~Jumber Days 
I I I 
-~~- -.---.-~--" 
2nd i nj . 9 I 10 II 12 
Phase II Complement Fixing Antibody Titers 
0 256 16 256 128 
3 128 32 256 128 
7 128 16 ~f- 64 
14 256 64 128 
21 256 64 128 






Phase 1 Complement IU~ Ant i, body n!e.r"s 
0 64 16 16 
! 
32 
3 128 16 16 64 
7 64 16 . * 
r 
16 
14 128 16 
I 
64 
21 128 16 64 
28 
, 
128 16 i 64 35 if- 16 I 64 
56 
* 




. ___ ~ha~~ __ I_CapJJ.l~~_!l}_~e ~ggbJ~l!l9~l9n Ant i body Titers 
o 64 I 16 16 32 I 
! 3 128 16 16 64 
I 7 64 16 ~f- 16 
: 14 128 I 16 I 64 I I 21 128 16 64 I 
I 28 128 16 64 
35 ~f- I 16 64 ! 
56 ~~ I 64 L.........-_____ ----'--_______ •________ ... ___ . __ ........... ----____ 1 ______________ . __ _ 
Reciprocals of serum titers. 
* Died prior to time of bleeding. 
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Table 22. Q fever antibody titers' in guinea pigs receiving no 
second injection of Coxjel la burneti; (controls). 
Days after 
2nd inj. of _______ -.--___ ,_An.i.ma~.uro~ 
test animals2 13 14 ~-JL 15 
_______ ~P:.,...:h~a::.=s~e-=..--JJ- Comp 1 ement r:-J~~inR_.Aii.tU?_g_gy-" TJ t~rs 
o 64 64 128 
3 64 64 128 
7 64 64 128 
14 64 128 128 
21 64 128 128 
28 64 128 64 








-.-.' - -"-'--.~-.--.... -- .... -.:.-- ... -.-...... "-~ ~ 
Phas'e I Comp I ement F i x.i ng Ant i body Ti ters 
1-------:-0----,-' -----f6'"----' ---32 .----- .. _-:- -··-3·2·---·_ .. ··_·_· . 1'6 
3 16 32 II 32 16 
7 16 32 32 16 
14 16 16 i 32 16 
2 I I 6 1 6 I 32 16 
28 16 32! 32 16 
35 16 32 I 32 16 
1 __ ---=5;.....:;;6 ___ . ______ ... .". 1.6 1 6 lQ 
! ____ ~P.:...:...ha=..:s=_=e:..,........:.I-.f~J?JJ.~ Tl!~~ __ ~99..I_lJ_tLnat,ion Anti body 










16 16 32 16 
16 32 32 16 
16 16 32 16 
16 16 32 16 
16 32 32 16 
32 32 32 16 
32 32 32 16 
.. ~-.~----____<------..... _ _l..._ ____ ___J.---_. __ .......L... __ ._ .. ____ _ 
1 Reciprocals of serum titers. 
2 See tables 19 to 21. 
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256-
128-___ ,/ - -/ ....... ----......... .. 
r-- ....... x.... "'::-:_~ __ ............. ....... 
64 - - - .. _ .. ~ ;' - """'-::. - - - -- -- -- - - - - - - - - - - -
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21 28 35 42 49 
Days After Second Injection 
I 
56 
Figure 8. Q fever antibody response in guinea pigs fol lowing a 
second injection of Coxiella burnetj i 90 days after 
initial infection. Data are presented as mean titers 
at each time of bleeding. Controls (no 2nd inj.)--; 
Subcu taneous I nj .~ ~ -j I ntraper i tonea I I nj ... - 1 
I ntravenous I nj .- - --. 
DISCUSS I Ol\~ 
The overal I primary purpose of these studies was to attempt 
to reactivate a latent ~. burnet;i infection in laboratory and wild 
animals. Three different agents were selected to study their abil ity 
to cause a reactivation. These were whole body x-irradiation, multi-
ple cortisone injections and the physiological process of parturition. 
Since these agents vary:1n their actions, each wil I be discussed 
separately. 
X-irradiation: Because the radiation field to be used was 
somewhat erratic, a pile of lead rings covered by a metal screen was 
employed, which resulted in a very constant field of irradiation on 
the surface between the rings. The use of such a radiation surface, 
however, presumably slows or "softens" the x-rays, so they are not so 
penetrating, and thus may do more cellular damage. 
The LD50 results for the laboratory animals obtained in this 
investigation compare wei I with data procured by other workers (Donaldson, 
1954; Miya, 1959), insofar as this earl ier data can be interpreted. 
According to the available I iterature, no work has been reported 
concerning x-irradiation sensitivity of deer mice. 
To attempt to reactivate latent Q fever infections two 
x-irradiation doses were used. A IIlowl! dose was in the range in which 
no animals, or at least very few would die. The "high" dose was in the 
range in which over half of the irradiated animals would die. It was 
apparent from these stUdies that both x-irradiation dosages were capable 
of either reviving a latent infection that was not detectable in the 
viscera, or were capable of causing the infection to spread to other 
organs of the body. The reactivation was especially apparent in guinea 
pigs, fol lowed to a lesser extent in white mice and then in deer mice. 
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These three animal species were susceptible to whole body x-irradiation 
in the same order, thus the reactivation occurred in direct proportion 
to the animals' apparent susceptibi I ity to irradiation. 
AI I organs and excrements examined werecapable of containing 
detectable amounts of ~. burnetii, the primary animal exhibiting this 
being the guinea pig. The persistence of the rickettsiae coincides with 
other reports, Parker and Steinhaus (1943) demonstrating it 40 to 110 
days after deferve'scence in guinea pigs, Reczko (1950) showing per-
sistence in guinea pigs through 526 days, and DeMattia et al. (1952) 
describing persistence in white mouse kidneys up to 80 days. In the 
present study, the 3 and 8 day sacrifice periods were chosen to 
attempt to demonstrate a rickettsemiai the assumption being that, if 
any reactivation did occur and was initiated rapidly after irradiation, 
the organism would be carried by the bloodstream to other parts of 
the body. A rickettsemia was not detected, however, except in one white 
mouse at 8 days and deer mice at 28 and 42 days. Even so, the blood 
stream could stil I be the principal disseminating route of the organism, 
since the times examined do not represent al I times during which a 
ricketts~mia may exist. The lymphatic system could also be involved, 
but was not studied in this investigation. 
In guinea pigs and deer mice the revival of infection was not 
confined to a Single sex, although females appeared to respond earl ier 
than males. Reactivation in white mice, however, was confined solely 
to males. 
Urine and fecal material was shown to contain ~. burnetii 
during reactivation and represents a method by which the agent could 
be transmitted to other animals. A spread of the rickettsiae was defin-
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itely shown when uninfected animals placed as cage mates with infected 
and irradiated guinea pigs and white mice exhibited Q fever antibody 
titers in their sera in 8 weeks. The antibody response of these cage 
controls (high Phase" CF titers, low Phase I CF and CTA titers) indic-
ated that an infection had occurred approximately 3 to 6 weeks earl ier, 
or between the 2nd and 5th:,weeks after x-irradiation of inoculated 
animals. This time was based on previous data concerning antibb~y 
response (Sidwel I, 1961). 
Whole body x-irradiation was employed in these studies because 
of the known effects that such penetrating radiation causes in animals. 
Death of animals by lethal doses of irradiation are generally thought 
to be caused by severe diarrhea, accompanied by breakdown, ulceration 
and necrosis of the intestinal wal I. This is fol lowed by excessive 
sodium loss and injury of surrounding cel Is by toxins and proteolytic 
enzymes formed or released subsequent to irradiation. Death has 
also been attributed to organisms of the intestinal tract wnich may 
be released into the body cavities as a result of irradiation. Other 
effects of such penetrating radiation includes temporary atrophy of 
liver cel Is, necrosis of stomach cel Is, injury to blood vessels 
(sl ight but possibly enough to cause general hemorrhaging), cellular 
degeneration of the spleen, effects to bone marrow (hyperplasia, 
haematopoiesis, erythroblast destruction, granulocyte decrease), 
destruction of some lymphatic tissue, edema and hemorrhages in the 
lungs, hemorrhaging and impairment of tubular functions in the kidneys, 
and other, more subtle, effects (Hoi laender, 1955; Pottinger, 1961). 
Nearly al I of these factors could have an effect upon the reactivation 
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of a latent rickettsial infection, by altering the infected tissues which 
would al low the organism to be released to reinfect other parts of the 
body. 
A study of the antibody response would indicate any suppression 
of antibody-forming mechanisms. The fact, however, that the treated 
animals had been infected for three months created the problem of 
whether the observed antibody was continually being produced, or merely 
persisted in the sera for that period of time. If the latter were the 
case, then I ittle or no suppression of antibody should be noted. Most 
cel Is of the body wil I be regenerated within 3-5 weeks after irradia~ 
tion (Pottinger, 1961). If~. burnetii is reactivated, the organism may 
after a few weeks re-stimulate the antlbbdy-forming mechanisms, 
resultind in increase in titer. 
A week after irradiation of the guinea pig with the low 
x-ray dose, there was a sl ight depression of Q fever CF antibody, fol-
lowed by a significant rncrease in titer by 28 days. This indicated a 
depression of antibody-forming cel Is, fol lowed by regeneration of these 
cells and a re-stimulation by reactivated ~. byrneti i. f\Jo increase in 
titer was noted in sera from animals receiving low doses of x-ray, 
indicating either a suppression of antibody production or not enough 
organisms reactivated to cause a meaningful re-stimulation, or both. 
The same general trend was also noted in white mice and deer mice, but 
to a lesser degree in the latter animals. A factor responsible for 
a great dea I of the .errat i cness observed in the resu I ts was the sacr i-
fice of the animals at each time of testing. Thus the tite~s indicated 
represent different animals each time, and fluctuate with the indivi-
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dual animals. Only "trends" can therefore be determined from each 
result. A further discussion of the secondary antibody response wil I 
be presented later. 
Cortisone treatment: The results obtained in these studies in-
dicated that a series of cortisone injections at the concentrations 
employe~ given as described in this stud~ can bring about a reactivation 
of ~. burnetji infection in guinea pigs and white mice, but not in 
deer mice. Reactivation was more apparent in the treated guinea pigs 
than in the treated white mice. This could not have been due to the 
differences in concentration of cortisone administrated to each 
species, since the guinea pigs received less drug per gram of animal 
weight than did white mice. The dosages used were based on previous 
work by others. For example, Austin (1957) reported reactivation of 
psittacosis infection in white mice using 5 mg cortisone dai Iy for 
2 days; this approximately equaled the high dose employed in the 
present study for white mice and deer mice. Nul I ;fication of the 
interference phenomenon in guinea pigs was obtained by Mika et al. 
(1959) by injecting 10 mg cortisone acetate dai Iy for 7 days, which 
was intermediate between the low and high dosages employed for the 
guinea pigs in the present study. ~~st of the other investigations 
discussed in the literature review (Sec. V) indicate this same 
general dosage range. 
As was observed in the x-irradiation experiments, each organ 
and other material examined appeared capable of containing detectable 
amounts of ~. burnetii. The persistence of the organism in the control 
animals in the cortisone experiments also correlated with its presence 
in the x-ray study control animals. The blood stream was not definitely 
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shown to be the means of systemic spreading the rickettsiae, although 
treated white mice and guinea pigs, in individual instances, did have 
a rickettsemia at 7 days after initiation of the cortisone injections. 
The lymphatic system may be implicated, but was not studied in these 
experiments. 
Reactivation of infection occurred in both sexes of guinea 
pigs and white mice. This differed from results obtained from the 
x-ray experiments, in which reactivation occurred only in male white 
mice. 
Urine was shown to be infective with ~. burnetij in guinea 
pigs and white mice fol lowing cortisone treatment. Only one speci-
men of feces contained rickettsiae. The sample was from a white 
mouse. These excretions may have been responsible for the spread 
of the infection to normal animals placed in the cages with the 
treated animals. Both sexes of the normal cage mate control animals 
were infected, as indicated by Q fever antibody response. In no 
instances did al I the normal animals become infected, indicating there 
was not an extensive aerosol or other contaminating influence pre-
vailing. 
Cortisone, or 17-hydroxy-1 I-dehydrocorticosterone, is an 
adrenocortical steroid hormone known to be biologically very active. 
The compound is effectively absorbed fol lowing intramuscular or sub-
cutaneous injection, and is especially effective for therapeutic and 
experimental use if the hormone concentration in the tissues can be 
maintained relatively constant. This maintenance of concentration is 
readily accompl ished by daily injection because the compound is 
absorbed at a slow, even rate over a 24 hour period (Goodman and Gilman, 
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1955). The hormone has a wide variety of actions in the animal body, 
particularly if present in high concentrations as when administered 
parenterally. Hypercorticism results in increased carbohydrate 
metabol ism, increased protein metabol ism, negative potassium balance, 
hyperexcitabily, alteration of the response of the primitive mesenchyne 
to injury or disease, increased androgenic activities and increased 
resistance to stress (Goodman and Gilman, 1955). AI I these effects are 
probably secondary with respect to reactivation of an infection 
with an organism such as~. burnetii, except as appl ied to a general 
tissue breakdo~ which could release the agent previously confined 
to a few cel Is. Excessive cortisone effects such as the above could 
result in death of the animal. Of primary Importance to a reactivation 
of infection wrought by excess cortisone are effects such as dissolu-
tion of lymphocytes in the thymus, lymph nodes, spleen and Peyer's 
patches (Dougherty and White, 1947), depression of many of the formed 
elements of the blood other than lymphocytes, e.g. eosinophi Is, 
neutrophils and erythrocytes (White and Dougherty, 1945; Thorn et al., 
1953), alteration in antibody response (Rose, 1959) and alteration of 
inflammatory reaction (Dougherty, 1953). There are contradictory 
reports regarding adrenocortical steroids upon pre-formed antibodies 
and antibody production. Some investigators have claimed a rise in 
titer accompaning lymphoid tissue dissolution (Dougherty et al., 1944), 
while others have reported no differences in titer (Eisen et al., 
1947; Fischel, 1950). A depression of antibody formation was demon-
strated by Germuth et al. (1951), while Mirick (1951) could not show 
any decrease in antibody production. Many other confl icting results 
98 
have been reported on this same topic (Rose, 1959). It is probable 
that the confl icting data reported are due to differences in disease 
studied, time of testing of serum, quantity of hormone administered, 
time of administration and animal species. The inflammatory response 
is inhibited by corticosteroids (Dougherty, 1953; Brandon, 1962). 
This is broughtabout by a combination of many factors, such as the 
reduction of vascular permeabil ity, inhibition of profibrinolysin 
and hyaluronidase action, phagocytic activity depression, inhibition 
of pyrogen release and many other factors (Brandon, 1962). The: 
cbmbination of tissue alteration, releasing the organism, and depressed 
immune response would be sufficient to reactivate a formerly latent 
infection. 
The Q fever antibody response was investigated in the 
present study to show the effects of cortisone upon serum titers in 
treated animals compared to con'~rol animal titers. It was observed 
that the titers varied according to animal species. Hormone treated 
guinea pigs exhibited a marked increase in CF antibody titer which was 
fol lowed by a drop in titer several weeks later. This would indicate 
a lymphocyte dissolution, releasing excess antibody to the blood, 
which gradually decreased naturally unti I sub-normal due to depression 
of antibody forming mechanisms. Sera from cortisone-injected white 
mice and deer mice demonstrated a rapid drop in CF antibody titer, 
which might indicate an active antibody-producing system which was 
suppressed due to the hormone without a marked dissolution of lymphatics. 
Results were erratic, as may be expected from individual animals sacri-
ficed at each test period. Capillary tube agglutination antibody varied 
I ittle in al I animals, but this type of test was relatively insensitive. 
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There is a sma I I basal requirement for cortical hormones in 
quiet I ife, the hormones playing a general supporting role rather than 
an initiating role in bodi Iy processes (Sayers, 1950). Superimposed 
on this sma. I I basal requirement are the needs entailed by various 
stresses. With a major stress the demand may become extremely large. 
This then indicates a natural appl ication of the stUdies of cortisone 
effects upon latent infections, for every type of stress, if of 
sufficient magnitude and duration, can affect the adrenal cortex. 
Examples of such stresses are exercise (Hatai, 1915), 
exposure to heat (Ewert, 1934-1935), cold (Hartman et al., 1931), intense 
I ight (McKinley and Rivera, 1934), reducedatmospheric pressure 
(Pincus and Hoagland, 1943), anoxia (Armstrong and Heim, 1938), trauma 
(Venning et al., 1944), and infection (Hartman and Browne I I, 1949). 
There is also considerable evidence that the adrenals are modified 
during pregnancy (Guieysse, 1899; Watrin, 1919; Nahm and McKinzie, 1937). 
Christian (1956) has reported the stress of increased population size 
causes an enlargement in size and increase in excretions of the adrenal 
glands. Thus one may postUlate that any type of stress which an ani-
mal latently infected with ~. burnetji may be exposed to could con-
ceivably initiate a reactivation of the infection. This in turn could 
lead to a renewed outbreak of the disease in a susceptible population. 
Partyrition: The data presented indicate that pregnancy andl 
or the act of parturition can cause a reactivation of latent Q fever 
infection in laboratory animals. This reactivation was e~pecial Iy ap-
parent in guinea pigs, but was only sl ightly manifest in white mice. 
The progeny from latently infected parents were also often infected with 
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~. ~urnetji. The infection of the offspring may have taken place in 
anyone of several ways. The fetus could have received an infecting 
dose of ~. burneti; transovaral Iy or transplacental Iy; a rickettsemia 
was observed in two of the "infection reactivated" parents. A con-
tamination of the surroundings leading to an infection in the new-borne 
partus may have occurred by means of infective birth fluids; re-
productive tracts in four of the guinea pigs and two white mouse 
parents were observed to contain the Q fever organism. A final 
method by which the offspring may have received the pathogen could 
also be attributed to contaminated surroundings as a result of excre-
tions of infective urine and feces. 
A reactivation of Q fever infection as a result of parturi-
tion is not a new concept. As discussed earl jer (Literature Review 
1-8), Q fever was first reported to occur as a latent infection when 
it was reactivated during parturition in certain I ivestock. The 
data reported in this investigation is apparently the first reported 
observation of reactivation due to pregnancy or parturition in 
laboratory animals. 
Deer mice were not investigated as a part of the present 
study because of the difficulty in breeding this type of mammal, 
particularly fol lowing the stress of an experimental infection of 
~. burnetii. Personal observations prior to the current investigat-
ions, however, have shown that occasional offspring borne to infected 
deer mice parents have never contained detectable Q fever rickettsiae. 
Similar results have also been observed in the unborn fetus from 
infected female deer mice. 
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One may speculate on the mechanisms involved in the infection 
reactivation process in parturient laboratory animals, especially in 
view of the results of the cortisone studies discussed earl ier. Since 
pregnancy and parturitionare moderated by a hormonal system in the body, 
and can directly affect the secretions of many hormones, reactivation 
of infection is undoubtedly brought about by the effects of such 
hormones, in addition to the stress appl ied to the reproductive tract 
tissue. If the tissues of the reproductive tract are altered or 
damaged to the extent that ~. burnetii harbored therein can escape, 
the various hormones may then act to depress the factors involved in 
the body's immune response, enabl ing the organisms to become carried 
to, and establ ished in, other organs. 
A sl ight stimulation of Q fever antibody response occurred 
in the guinea pig maternal parents, but no such marked variations 
could be detected in the sera of infected white mouse parents. AI I 
guinea pig offspring, regardless of whether they were infected with 
demonstrable ~. burnetIj, contained significant titers of the three 
Q fever antibodies tested. This would indicate a transfer of the 
maternal antibody, particularly when antibody titers dropped in the 
older progeny. No maternal antibody was detectable in offspring of 
white mice, possibly because only low quantIties of antibody existed 
in the maternal parent. Q fever rickettsiae present in the partus 
tissue of both guinea pigs and white mice apparently did not incite 
significant antibody titers, since no differences could be seen 
between serum titers of infected and seemingly uninfected offspring. 
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Secondary antibody response: It was speculated that if the 
antibody titers observed in sera from irradiated or hormone-treated 
animals were caused partially by the release of rickettsiae into the 
circulatory systems of the animals, the same type of response might 
be produced by a secondary injection of ~. burnetjj. Consequently 
guinea pigs, which had shown the greatest variation in antibody titer 
fol lowing stress, were re-infected fol lowing a 90 day-holding period. 
Intraperitoneal, sc and iv injections were employed in different 
groups of an'imals to determine if the injection route would cause 
variations in the antibody response. 
Fol lowing an ip injection of ~. burnetij the primary Q 
fever antibody response in the three animal species tested usually 
begins within a few days after injection. The titer rapidly increases 
to a peak in 3 to 7 Weeks, depending upon animal and phase of anti-
body. After reaching this peak, the titers gradually decrease over 
a period of approximately a year until antibody can no longer be 
detected (Sidwel I, 1961). 
When the animals are injected a second time, regardless 
of route, an antIbody titer detrease of ca. one tube di lution generally 
occurred within 7 days. This was probably due to partial neutral i-
zation of the antibody by the additional antigen present in the blood. 
Fol lowing this sl ight decrease, there was an increase in titer of 
one to two tube dilutions above the original titer. This increased 
level of antibody either persisted through the end of the experiment 
or dropped to the original titer or lower by 4 weeks. This increase 
typifies the usual secondary reaction as described for animals 
injected with antigens such as diptheria antitoxin (Glenny, 1925a, I 925b , 1931) 
103 
and bacteria such as Salmonella paratyphi (Wi Ison and Mi les, 1955). 
Employing the latter antigens, however, one obtains much higher titers 
than those observed in the present investigation. Burnet and Freeman 
(1938) could induce no secondary rise of antibody in rabbits primarily 
and secondarily stimulated by iv injection of Q fever rickettsiae. 
The rabbit is a much less susceptible animal than the guinea pig to Q 
fever, which may be the reason for the observed antibody fluctuations, 
although sl ight, in the guinea pig sera. 
The demonstrated secondary antibody response correlated 
with the guinea pigs which had been sUbjected to stress in that neither 
the stressed animals nor the secondarily injected animals demonstrated 
extreme rises in titer. An exception was the high-dose irradiated 
guinea pigs, whose serum antibody did rise up to four tube di lutions 
from the original. Close comparisons cannot be drawn, however, since 
the secondari Iy infected animals had not been subjected to any 
extreme stresses, which probably alters the antibody forming mechanisms 
of the animals. 
Treatment of feces: Those indicator guinea pigs dying after 
injection of fecal material or urine may have become infected with a 
penici I I in resistant organism from the material. Penici I I in can 
probably cause the death of guinea pigs through reduction of the 
intestinal flora, leaving a resistant organism which excretes toxins, 
kil I ing the animal (Cormea et al., 1947; Ambrus et al., 1952; Stevens 
and Gray, 1953). For this reason the penici I I in employed in this 
experiment was mixed and incubated with the material to be tested 
prior to injection into the indicator animals. This causes adsorption 
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of the penicil I in before introduction into the animal and reduces the 
possibil ity of fatal ity due directly or indirectly to the antibiotic. 
SUfNMRY 
I. A 21-day whole body x-irradiation LOSO was determined 
for guinea pigs, white mice and deer mice. As measured by post-exposure 
deaths, guinea pigs were most susceptible (LOSO: 163 r), white mice 
less susceptible (LOSO: 431 r) and deer mice least susceptible (LDSO: 588 r) 
to the irradiation. 
2. In a pilot rickettsiae persistence study, Coxiella burnetii 
was shown to persist for over 12 weeks in kidneys of guinea pigs and re-
productive tract and kidneys of white mice. Fecal material and urine in 
guinea pigs, white mice and deer mice were infectious for three weeks. 
The organism persisted a total of six weeks in deer mouse spleen, kidneys 
and liver. 
3. Whole body x-irradiation in dosages sl ightly less than or 
greater than the 21-day L050 caused a reactivation of ~. burnetii infect-
ion in guinea pigs, white mice and deer mice infected three months prev-
iously. This reactivation was determined by demonstrating infectious 
quantities of rickettsiae in various tissues and in the urine and feces 
in these animals, as compared to the detection of I ittle or no rickettsiae 
in the same tissues from non-irradiated similarly in,fected control animals. 
4. The Q fever antibody response in the irradiated and control 
animals in (3) were shown to vary markedly in titer with animal species, 
dosage of irradiation and type of antibody. The Phase and I I CF anti-
body in sera from irradiated guinea pigs was depressed at one week 
after irradiation, but increased significantly by four weeks in the 
animals receiving the high irradiation dose. A negative antibody phase 
occurred in the animals receiving the low dose withjn~ur weeks. Phase 
lOS 
106 
I CTA antibody, by contrast, increased in titer by one wee~ but was 
depressed subsequently only in the low dosage irradiated animals. 
White mice reacted to a lesser extent than guinea pigs, but the same 
general trends in antibody depression and enhancement were noted. 
Few variations of significance could be demonstrated in sera from deer 
mice, although one to two weeks after irradiation a sl ight depression 
of CF antibody occurred in the irradiated animals. 
5. A definite transmission of ~. burnetii to control guinea 
pigs and white mice in relation to reactivation of the Q fever 
infections in irradiated animals was demonstrated. This was shown by 
the infection of normal control animals placed as cage mates with 
the infected and irradiated animals. No transmission could be observed 
in deer mice and non-irradiated control animals. 
6. An injection of cortisone given daily for seven days 
induced a reactivation of Q fever infection in guinea pigs and white 
mice but not in deer mice infected three months previously. This 
reactivation was indicated by the presence of ~. burnetii in various 
tissue, urine and feces which were usually uninfected in untreated 
animals infected at the same time. 
7. The multiple cortisone injections described in (6) 
had only a moderate effect upon the Q fever antibody response in the 
three animal species tested. A sl ight depression in titer occurred 
in most animals at varying time intervals fol lowing the cortisone 
injections. This was usually preceeded by a sudden increase in CF 
titer during the treatments. 
8. Normal control animals placed as cage mates with cortisone-
treated guinea pigs and white mice became infected with ~. burnetii. 
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This indicated that a reactivation of Q fever infection by cortisone 
treatment can result in a spread of the disease agent. No transmission 
was observed in deer mice at the cortisone concentrations employed, 
and al I normal cage mates of untreated control animals remained uninfected. 
9. A reactivation of Q fever infection occasionally oc-
curred fol towing parturition in guinea pigs and white mice previously 
infected with ~. burnetji. Various viscera and frequently blood, 
urine and feces from these animals were shown to contain ~. burnetii 
as early as 8 days and as long as 20 days after birth of offspring. 
Partus, primarily guinea pigs, from these infection-reactivated parents 
often were also infected. Little change in Q fever antibody titer was 
noted in parents or progeny. 
10. A secondary Q fever antibody response was studied in 
guinea pigs reinfected with ~. burnet'j three months after a primary 
infection. Fluctuations in titer were sl ight, although many animals 
exhibited a sl ight decrease in serum antibody titer to al I three 
antigens employed. This was succeeded by a moderate increase of 
titer above the original amount by one to two weeks. The titers grad-
ual Iy dropped to, or sl ightly below, the original titer. Intraperi-
toneal, subcutaneous and intravenous routes of secondary injection 
were employed in separate experiments, with I ittle difference noted 
in induced antibody titers. 
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Whole body x-irradiation in dosages of sl ightly less than or 
greater than the 21 day LD50 brought about reactivation of a latent Cox-
~ burnetii infection in guinea pigs, white mice and deer mice (Pero-
myscus manicylaty~, aonorjensjs LeConte) infected three months previously. 
The reactivation was determined by demonstrating infectious quantities of the 
rickettsiae in' various tissues in the treated animals, as compared to the det-
ection of few or no organisms in the same tissues from non-irradiated similarly 
infected control animals. 
'The Q fever antibody response was determined in the non-irrad-
iated and irradiated infected animals. This antibody was shown to vary mark-
edly in titer with animal species, irradiation dosage and antibody type. 
Phase I and I I complement fixing (CF) antibody titers were depressed in sera 
from irradiated ~uinea pigs at one week after irradiation, but increased 
significantly in animals receiving the high irradiation dose. A negative 
antibody phase occurred in the low dose-irradiated animals by four weeks. 
Phase I capillary tube agglutination (CTA) antibody titers increased in 
high and low irradiation dosage groups by one week, fhen subsequently de-
creased in the low dosage irradiated guinea pigs. The antibody titers varied 
less in the tested white mice than in the guinea pigs, but the same general 
trends of negative antibody phase and titer increase were noted. Little 
titer variation occurred in deer mice sera, although a slight depression of 
CF antibody occurred in the irradiated animals one to two weeks after treat-
ment. 
Normal control guinea pigs and white mice housed as cage mates 
with infected, irradiated animals developed Q fever antibQ~y titers in their 
sera, indicating a transmission of ~. burnet;; from the infected animals, 
presumably as a result of irradiation. No transmission could be observed in 
2 
deer mice and non-irradiated infected animals. 
Injections of low or high concentrations of cortisone given 
daily for seven days induced a reactivation of ~. burnetii infection in 
gu.inea pigs and white mice but not in deer mice infected three months 
previously. Similar methods to the x-irradiation studies were employed 
for this determination. The multiple cortisone injections had only a 
moderate effect upon the Q fever antibody response in the three animal 
species tested. A depression of antibody titer occurred in most animals 
at varying time intervals following cortisone injections. This was usually 
preceeded by a sudden increase in CF titer during the treatment. React-
ivation of the Q fever infection by cortisone treatment resulted in a spread 
of the disease agent, as had occurred in the x-irradiation studies. Trans-
mis~ion apparently did not occur among treated deer mice or untreated infected 
animals. 
A reactivation of Q fever infection occurred sporadically fol low-
ing parturition in guinea pigs and white mice previously infected with ~. 
burnet i i. Var'i ous organs and blood, urJ ne and feces from these an i ma Is 
were shown to contain ~. burnetjj as soon as 8 days and as long as 20 days 
after b~rth of offspring. Tis~ue from partus born from the infection-react-
ivated parents were also often infected. Little Q fever antibody titer 
change occurred in either parents or progeny. 
A secondary Q fever antibody response was studied in guinea pigs 
reinfected with~. burnet;i three months after primary infection. A 
plot of the mean titers showed the antibody titers dropped sl ightly, then 
increased moderately after one to two weeks. The titers gradually decreased 
to, or sl ightly below, the original titer. Intraperitoneal, subcutaneous 
and intravenous routes of secondary injection were employed in separate ex-
periments, with I ittle difference noted in induced antibody titers. 
RESEARCH PROPOSALS 
I. The lack of a reproducible method of causing death in 
laboratory or wild animals due to a Coxjel la burnetji infection has 
hampered many investigations with the organism. The determination 
of such a method is therefore of paramount importance. It is possible 
that intracerebral inoculation of vario~ aged susceptible animals 
with ~. burneti;, or the use of a resistance-lowering stress may prove 
effective. 
2. Studies of the ingestion and cytopeptic action of immune 
and normal phagocytes upon~. burnetii should be initiated. An 
effective LDSO as described in (I) would be employed. Methods have 
recently been introduced for the purification of ~. burnetii without 
loss of infectivity and for labeling the rickettsiae with p32, which 
would be valuable in phagocytosis studies. 
3. Some controversy exists regarding the relative protective 
capacity of Phase I and Phase I I Q fever antibody. It is proposed 
that the effect of each upon phagocytosis, employing the methods 
described in (2) be investigated. 
4. A secondary Q fever antibody response was investigated 
in the current thesis. Further studies of the secondary Q fever 
antibody response should be considered employing various dosages of 
~. burnetii, adjuvants, or multiple injections of the organism. 
S. The present study has shown that injections of cortisone, 
an adrenocortical hormone, can result in the reactivation of latent 
Q fever infection. It is proposed that the effect of other types of 
hormones on latent Q fever infections also be investigated. 
2 
6. Studies were described in the present investigation 
concerning the effect of cortisone injection and whole body x-irrad-
iation upon the Q fever antibody response in latently infected 
animals. It is proposed that studies of other factors in immunity 
such as phagocytic activity be carried out. 
7. Since it has been shown that whole body x-irradiation 
can cause a reactivation of a latent infection with~. byrnetji, it 
would be of interest to attempt to reverse such a reactivation by 
injection of a radiation protection chemical or one of the cellular 
or humoral resistance factors. 
8. Only I imited investigations of the effects of the 
natural serum factors such as complement, properdin; or lysozyme 
on rickettsiae have been reported. A detailed study of the effects 
of each upon a ~. burnetii or other rickettsial infection should be 
considered. 
9. No hemagglutination {HA} test has yet been devised 
for Q fever. Such a test, if developed, would be of value as an 
assay system for the disease agent. Various ions, temperatures, 
pH and types of red blood cel Is could be investigated in attempting 
to perfect the test. 
10. Coxjella burnetii has been cultivated upon a variety 
of tissue culture cel Is. It is proposed that further investigations 
with tissue cultures be initiated in an attempt to produce an effi-
cient assay system for the organism. Plaque formation would be the 
ideal indicator, if such could be shown to occur. 
